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Abstract
Rat liver plasma membranes (p.m.) were isolated, 
from the crude nuclear fraction by the method of 
Hinton et al. (19.70). Minor modifications, notably the 
use of younger rats, were made to overcome aggregation due 
to nuclear lysis which vitiated some preparations.
The ribonuclease and phosphodiesterase activities
of purified liver p.m. were examined and compared. The
p.m. was found to be responsible for between 65 and 90%
of the alkaline phosphodiesterase activity of the cell and
between 25 and 30% of the particulate ribonuclease activity
measured at pH 8.7 in the presence of 7.5mM MgCl . Both
enzymes were most active between pH 8.5 and 8.9, and both
were at least 12 times more active in the presence of 
2+
Mg than of EDTA. Density-gradient centrifugation 
indicated that after membrane solubilisation by detergent 
treatment most of the ribonuclease was released into a 
small fragment of the same size as that containing the 
phosphodiesterase.
The HS zonal rotor was used to isolate 
plasma-membrane fragments from hepatoma. Initially, there 
were two major problems: aggregation of the p.m. with intact
erythrocytes, and the appearance of a nucleoprotein gel 
from lysed nuclei. A method was developed for the 
preparation of p.m. but as the tumour progressed there was a
fall in yield of membranes and an increase in contamination, 
probably by debris from necrotic cells. These difficulties 
were overcome by flotation of a partially purified p.m. 
fraction from homogenates adjusted to density 1.18. The 
resulting fraction was further purified by rate-zonal 
centrifugation in the HS rotor followed by a second 
flotation step to remove trapped material. The specific 
activity of the marker enzyme, 5 T-nucleotidase, in this 
•pure* p.m. preparation was over 20 times that of the
homogenate. The specific activity of several phosphatases
was found to be much higher than in liver p.m.
The alkaline phosphodiesterase and ribonuclease 
activities of purified hepatoma p.m. were investigated. 
Phosphodiesterase specific activity was very similar to that 
in liver p.m. Alkaline ribonuclease specific activity 
in the presence of Mg was also very similar to liver, 
but there was more activity in the presence of EDTA in the
hepatoma p.m. than in liver p.m.
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CHAPTER I INTRODUCTION
A. Historical background
Jones (1920) described a heat-stable enzyme 
present in pancreas which was capable of digesting 
yeast RNA to acid-soluble products. These products 
did not include inorganic phosphate or free bases and 
thus the enzyme was distinct from the previously-known 
phosphatases and nucleosidases. The enzyme was 
purified by Dubos and Thompson (1938) and crystallised 
by Kunitz (1940) who coined the term 1ribonuclease1.
The enzyme, which is notably stable to pH changes and, 
in mildly acidic solutions, very stable to heat, has 
been extensively studied. Its mode of action, primary 
structure and conformation are all well-understood 
(e.g. review by Roberts et al., 1969).
RNase activity has been demonstrated in all 
classes of living organisms, and a multitude of enzymes, 
with varying properties, have been reported. Further, 
individual tissues may possess a range of distinct 
enzymes. This is particularly the case for liver which, 
after pancreas, is the most widely-studied tissue. In 
view of the importance of RNA metabolism in normal 
tissue, a full understanding of the RNase system may 
prove to be of great use in pinpointing abnormalities
in tumours that may be crucial to neoplasia. However, 
despite considerable research, the mammalian RNase 
system is one of the most poorly-defined and 
ill-understood of the major enzymic systems. Some of 
the probable reasons for this are discussed in the next 
few sections, starting with the confusion caused by the 
lack of systematic nomenclature for RNases.
B . Enzyme nomenclature
As indicated, diverse enzymes are known to 
cleave the phosphodiester bonds in RNA. On this basis, 
all such enzymes could be included with DNases within 
the phosphodiesterase class, as suggested by Davidson 
(1965). He sub-divided this classification into two 
main groups :
(a) Endonucleases ( 'nucleodepdymerases ' or 
’nucleophosphodiesterases1) which attack linkages in 
the interior of the nucleic acid chain and break it 
into fragments varying in size from mononucleotides to 
acid-insoluble polynucleotides.
(b) Exonucleases ('phosphodiesterases') which attack 
preferentially from one end of the chain, sequentially 
releasing mononucleotides.
This classification, however, has certain 
drawbacks ; e.g. not all endonucleases have been shown
to lack exonuclease activity, and vice-versa. Further, 
there is evidently confusion in the use of the term 
’phosphodiesterase1, which has been used to describe 
quite different types of enzymic activities including :
(i) non-specific enzymes capable of splitting any 
phosphodiester bond, e.g. those in nucleic acids and 
phospholipids (Schmidt and Laskowski, 1961);
(ii) snake venom phosphodiesterase and enzymes attacking 
oligonucleotides in a similar manner i.e. releasing 
solely mononucleotides, and also attacking other 
phosphodiesters including synthetic substrates such as 
bis(p-nitrophenyl)phosphate J
(iii)specific phosphodiesterases acting only on nucleic 
acids and releasing solely mononucleotides (e.g.Razzel, 
1961), not always proven to be from terminal positions.
Many examples could be given of the confusion 
in the literature, e.g. the inclusion, in a review of 
1nucleolytic’ enzymes by Shugar and Sierakowska (1967), 
of cyclic-nucleotide phosphodiesterases, which have no 
action on RNA or DNA, while nucleotidases, etc. were 
excluded. Also, various authors have independently 
designated different enzymes on a number basis e.g. 
’RNase I* (usually referring to activity with an acid 
pH optimum); ’RNase XI’ (usually referring to activity 
with an alkaline pH optimum), etc. (e.g. Razzel, 1961: 
Shugar and Sierakowska, 1967; Brightwell and Xappel, 
1968a).
In a recent, comprehensive review of liver 
RNAses, Burge (1973) proposed a classification scheme 
which has distinct advantages over numerical 
classifications such as those cited above, while 
avoiding proliferation of terms such as ’ribonuclease 
and RNA-depolymerase* (Barnard, 1969) which lead to 
further confusion. Burge’s classification, however, 
still appears to be somewhat confused. While stating 
that enzymes which attack sequentially from one end of 
an RNA chain are to be classified as exoribonucleases, 
not ’phosphodiesterases’, his tabulated scheme includes 
both ’phosphodiesterase* and ’exonuclease* categories. 
Similar ambiguities appear in his text, e.g. the 
exonuclease described by Lazarus and Sporn (1967 ) is 
variously referred to as an exonuclease and a *5’-PDase*. 
In the discussion of enzyme classification presented 
below, the criterion for deciding whether an enzyme is an 
’exonuclease’ or a ’phosphodiesterase’ is solely the 
ability of the enzyme to degrade RNA. Any additional 
activity against synthetic or other phosphodiester 
compounds is not taken into account, although the use of 
such specifity data to distinguish between different 
enzymes is recognised.
The classification scheme proposed by Burge 
(1973) may seem somewhat restrictive, and in particular 
it ignores the chemically logical distinction between 
’cyclising’ enzymes such as bovine pancreatic RNase
(really a phosphotransferase and a hydrolase) and 
’non-cyclising1 enzymes such as snake venom 
phosphodiesterase. This chemical distinction has 
biological significance, in that 'cyclising* enzymes 
can have no action on DNA, which lacks the 2*-OH group 
of the ribose. However, many of the RNases reported 
to be present in liver have not been characterised 
sufficiently to allow of classification on the basis 
of 'cyclising* or 'non-cyclising* activity. The 
present author therefore considers that the best ; 
classification scheme is one based simply on whether 
enzymes exhibit endo-or exonucleolytic activity, i.e. 
the site of attack by the enzyme on the nucleic acid 
chain. This suggested scheme for enzymes which split 
nucleic acids (nucleases) is shown in Table I .1.
The main classification of 'nucleases' is 
divided into 3 groups with regard to the site of attack 
of the enzymes on the nucleic acid chain. Endonucleases 
attack at sites within the nucleic acid chain producing 
oligonucleotides as their initial product. Exonucleases
attack sequentially from one end of the chain, releasing 
mononucleotides only. As, however, the site of attack 
of many enzymes has not been adequately determined, or, 
in some cases, not studied at all, the third group is 
included. Enzymes where the site of attack is unknown 
are simply classified as 'ribonucleases*, etc.
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Further classification within each group is made 
on the basis of an important biological distinction 
viz. specificity towards the sugar, this being ribose in 
RNA and deoxyribose in DNA. The prefix 3* or 5* 
indicates the mode of attack of the enzyme, and refers 
to the position of the phosphate moiety on the sugar in 
the product, rather than the point of attack. As 
illustrated in Fig.I.l, a ribonuclease cleaving the bond 
between the C-31 in one nucleoside and the phosphate 
releases the next nucleotide as a 5 1-phosphorylated 
residue, and would thus be termed a 5 1-ribonuclease.
Non-specific nucleases, etc., refer to enzymes 
capable of attacking both RNA and DNA. Activity towards 
synthetic substrates such as bis(p-nitrophenyl)phosphate 
is not taken into account in the main classification, 
provided that activity towards nucleic acid has been 
demonstrated. The term *phosphodiesterase* will be 
used solely for enzymes only known to be active towards 
synthetic substrates such as bis(p-nitrophenyl^phosphate, 
with no proof of nuclease activity. Where such enzymes 
are only known to be active towards either
p-nitrophenylthymidine 3 *-phosphate or p-nitrophenylthymidine 
5*-phosphate, the enzymes will be designated 3*- or 
5*-PDase respectively. Otherwise the term 
* phosphodiesterase * will be avoided to minimize confusion 
such as exists in the literature.
Some enzymes are known to cleave the nucleic
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Figure I » 1
The points of attack of various nucleases on 
oligonucleotide chains.
Abbreviations as given in Table 1.1, e.g. 3-^endoRNase 
denotes Siendoribonuclease.
acid chain at sites involving specific bases, but this 
•base specificity’ is poorly understood and, for most 
enzymes, has not been determined. This parameter may 
sometimes be used to name a specific enzyme, e.g. 
*poly(U)-asef for an enzyme active against polyuridylic 
acid. Such specificities may be useful in distinguishing 
between otherwise similar enzymes, but this is generally 
not a suitable basis for classification, both for the 
reasons given above and the, as yet, lack of clear 
biological significance in such activity. In this 
thesis, distinction between different enzymes will 
generally be made on a descriptive basis, with the 
subcellular localisation and pH optimum being the main 
factors considered. Where specific enzymes are referred 
to in the text, the original author’s nomenclature will 
be reported in single quotation marks followed by the 
present author’s preferred nomenclature, e.g. "Rahman 
et al. (1967) studied the distribution of ’RNase I*
— the lysosomal acid (pH 5.0) RNase".
Finally, it may be noted that polynucleotide 
phosphorylase, although capable of degrading 
polynucleotides in vitro under certain conditions, has 
been omitted from the classification scheme discussed 
above. There are two reasons for this exclusion:
(a) the enzyme is a phosphorylase. The internucleotide 
bonds are cleaved in the presence of inorganic phosphate, 
by a reversible reaction which produces nucleotide
diphosphates.
(b) The enzyme has not been clearly demonstrated in 
rat liver (see section C.@ for further discussion).
B. Distribution of ribonuclease and phosphodiesterase 
activities in rat liver
1. General comments
For the reasons already indicated, the term 
1phosphodiesterase1 (PDase) is here applied where only 
a synthetic substrate has been used.
Before considering the distribution of RNase and 
PDase activities in subcellular fractions, certain 
pertinent comments will be made. Firstly, one must 
consider the assay procedures routinely used for RNase 
determinations. Extensive reviews covering this 
topic have been published by, inter alia, Josefsson and 
Lagerstedt (1962), Siebert (1966), Roth (1967), Shugar 
and Sierakowska (1967) and Burge (1973). Here, only 
the most commonly used procedures will be discussed. 
Essentially, these entail incubation of the enzyme with 
RNA, followed by the separation of low-molecular-weight 
products of RNase action from the large oligo- and 
polynucleotides of the substrate (and from protein) by 
precipitation of the latter. The soluble products are 
then most conveniently assayed by measurement of the 
absorption at 260nm.
The various steps in the reaction may now be 
considered in detail. Firstly, the tissue sample is 
incubated with buffer and substrate. The activity of 
the enzyme will be affected by the choice of buffer, 
pH, substrate, and by the ionic components and the 
ionic strength of the incubation medium (e.g. see Roth, 
1967). As Barnard (1969) has pointed out, even the 
widely studied pancreatic RNase has been reported as 
optimally active at pH values varying from 5.4 (Irie,
1965) to 8.0 (Delaney, 1963). The substrate has 
perhaps been the least characterised variable in the 
incubation, particularly in early work (Roth, 1967).
The commonly used 'yeast'RNA' is a singularly 
ill-defined entity in most reports. Burge (1973) 
found that the mean chain length of a commercial yeast 
RNA preparation was only 11-12 nucleotides, even after 
purification by the method of Kirby. When considered 
with the relatively inefficient précipitants used by 
many workers, the following points become apparent:
(a) high blank values will lead to poor sensitivity and 
'masking* of low activities;
(b) small inadvertent variations in assay conditions, 
e.g. in substrate addition or in precipitation procedures 
(see below) will cause poor reproducibility, compounding 
the problems in (a), above;
(c) endoRNases may be postulated which are preferentially 
active against large RNA molecules (as may occur in the
in vivo processing of nuclear RNA) and might thus be
underestimâted, since the products are acid-precipitableJ
(d) product inhibition may occur. Indeed, 'PDase II*
(3'-exonuclease) may, in the presence 3 »-mononucleotides 
and 5'-hydroxyl terminals, synthesise oligonucleotides 
larger than the substrate (Razzel and Khorana, 1961;
Heppel and Whitfield, 1955).
High molecular weight substrates may also give 
problematical results. Neu and Heppel (1964) used t-RNA 
as a substrate in studies on E.Coli RNases, as this 
substrate was not attacked by 'PDases* or polynucleotide 
phosphorylase. Such effects may be due both to the high 
degree of secondary structure and the high-molecular-weight 
of such molecules (see discussion of nuclear RNases 
below, section 0). Secondary structure may also be 
involved in the effects of different ions such as Mg2*, 
which have marked effects on the activity of some 
RNases (e.g. see Razzel 1961, Curtis et al., 1966; and 
Results, Chapter III).
The final stage of the assay procedure, that of 
precipitation, is perhaps the most variable, and 
least-often considered factor affecting the determination 
of RNase activity. A wide variety of precipitating 
reagents have been reported (for detailed reviews, see 
Roth, 1967; and Burge, 1973) although unfortunately few 
reports have included studies on the nature and size of 
the products left in solution under the conditions used.
There are exceptions to this comment, e.g. the studies of 
Dickman et al.(1956), Dickman and Trupin (1959),
Razzel (1963) and, notably, Burge (1973).
The most commonly used reagents may be 
classified as
(a) aqueous acidic reagents
(b) acidified organic solvents
(c) neutral metal ions/organic-solvent reagents.
Class (a) aqueous acidic reagents, are the most widely 
used, the most popular being perchloric acid (PCA) at 
various concentrations. It is a fairly efficient 
reagent for precipitating nucleic acids and proteins, 
but it has the serious draw-back of rapidly degrading 
RNA with which it is in contact, particularly when warm 
(Anfinsen and White, 1961; Roth, 1967). This may be 
minimized by keeping the samples cold throughout 
precipitation and centrifugation (Roth, 1967). Use of 
a fixed period of storage before centrifugation is 
essential if reproducible results are to be obtained. 
Varying concentrations have been employed, usually 
within the range of 2.5 to 15% (final concentration)
(e.g. Beard and Razzel, 1964; Moraid and de Lamirande, 
1965a; Rushitzky et al., 1964; and Giannitsis et al., 
1967). As the concentration is raised, efficiency of 
precipitation increases (Burge, 1973) but the 
degradation of RNA by the acid also increases. 
Trichloracetic acid (TCA), which does not degrade RNA
so rapidly as PCA, has been used instead (Lewis and 
Gamble, 1969). However, the high A ^ ^  of TCA, and its 
poor efficiency of precipitation (Roth, 1967), render 
it unsuitable for most applications.
Inclusion of uranyl salts in the PCA leads to 
more efficient precipitation, as reported by McFadyen 
(1934). His reagent (0.75% uranyl acetate in 25% PCA) 
has been used by many workers (Anrakit and Mizuno, 1965 ; 
Futai et al., 1969, inter alia). Some workers, e.g. 
Reid et al. (1964), Hilmoe (1960, 1961) and de Duve 
et al. (1955) have used lower concentrations of uranyl 
acetate, since this compound absorbs strongly at 260nm. 
In general, uranyl acetate reagents do not leave as 
large oligonucleotides in solution as other reagents 
(Roth, 1967; Burge, 1973). Although this has been 
considered a disadvantage (Roth, 1967), uranyl acetate 
reagents have been widely used.
Dickman and Trupin (1959) described an assay based on 
"uridine phosphate determination". At pH 4.0, uranyl 
acetate was observed to precipitate RNA and those 
nucleotides containing amino groups. Only uridine 
monophosphate, uridine cyclic monophosphates and small 
uridine oligonucleotides remained in solution. The 
approach of Fellig and Wiley (1959), who used 0.17% 
uranyl acetate-0.33M sodium acetate, pH 3.0 (final 
concentrations), seems very similar, although it is only
briefly described. However, these approaches are not 
likely to be generally useful.
(b) Acidified organic solvents
Roth (1952L) used N HC1 in 76% ethanol, later 
improving the reagent by the addition of 0.5% lanthanum 
chloride or acetate (Roth,1962). Similar reagents to 
acid-ethanol were employed by Dickmcarv . et al. (1956) who 
used glacial acetic acid-1ert-butano1 (1:2,v/v.) and by 
Schucher and Hokin (1954) who used a mixture of ethanol 
and acetic acid. Little is known of the nature of the 
products left in solution, but probably less degradation 
of RNA occurs than with the more common aqueous acidic 
reagents (Rothj1967) as the presence of the alcohol 
reduces hydrolysis. A striking demonstration of this 
is the use of PCA in ethanol by Stavey et al.(1964), 
who claimed negligible degradation of RNA by this 
precipitant even at room temperature.
(c) Neutral solutions of metal ions in organic solvents
A variety of these reagents has been reported 
in the literature ; Fiers and Miller (1960) reported a 
micro-assay based on the use of barium perchlorate—  
water— 2— ethoxyethanol, later scaled-up and studied in 
more detail by Fiers (1961). Brownhill et al. (1959) 
used 0.3M zinc chloride in ethanol, claiming better 
reproducibility than with HCl-ethanol. Unlike Fiers 
and Miller's reagent (op.cit,) this mixture does not 
give a precipitate in the presence of ammonium sulphate
(Brownhill et al., 1959). Razzel (1963 ) investigated 
the effects of magnesium salts in ethanol on RNA and 
synthetic substrates, claiming complete precipitation 
for chain lengths between 7 and 200 nucleotides. However, 
Ambellan and Hollander (1966b) showed the reagent to be 
ineffective for several batches of high-molecular-weight 
RNA; they described the use of a lanthanum nitrate-magnesium 
acetate-ethanol-sodium acetate (pH 5.5) mixture which 
gave markedly lower blanks. This reagent, however, was 
less effective than barium perchlorate-2-ethoxyethanol 
for the precipitation of small oligonucleotides. A 
drawback to the use of Ambellan and Hollander’s reagent 
is the need to chill the tubes at -20° for at least
20 min, and then centrifuge at 15,000 g for at least 30 min
to obtain a clear supernatant. This is clearly
impractical in most laboratories if large numbers of samples
are to be assayed, e.g. when ’scanning* zonal fractions. 
However, these reagents do not absorb strongly at 260nm; 
hence fractions do not require dilution before assay, 
and sensitivity is thus increased.
Whatever precipitating reagent is employed, 
appropriate tissue and substrate blanks must be included 
in RNase assays. The assay procedures reported in the 
literature rarely include descriptions of the procedures 
used to determine blank values, yet these may be a 
source of considerable error. de Duve et al. (1955) 
observed that a brief incubation of the substrate with
undenatured tissue was essential if a true blank value 
was to be obtained. If tissue preparations were first 
denatured and than mixed with substrate, the of
the filtrates was considerably lower than the 1 zero-time1 
value obtained by extrapolation from kinetic studies.
This difference was most marked in tissue samples with 
high enzyme activity, and thus the higher value obtained 
by extrapolation probably represents the breakdown of 
the substrate by the RNases in the tissue extract before 
incubation was begun. Tissue blanks should therefore be 
incubated briefly, e.g. for 1 min, and the 1 expérimentais1 
for, e.g.,31 min. The true activity for the 
expérimentais is then obtained by subtraction.
Commercial RNA preparations may be contaminated 
with RNases (Roth, 1967) which may lead to overestimation 
of RNase activity in tissue samples. Substrate blanks 
should therefore be incubated in parallel with the 
expérimentais, to allow of correction for any RNase 
activity in the substrate or in the assay medium.
The wide range of assay procedures described 
briefly above indicates the problem of comparing data 
from different laboratories. It is conceivable, for 
instance, that an endonuclease activity would not be 
adequately determined when using the more efficient 
precipitating reagents, such as that of Ambellan and 
Hollander (1966a, b), particularly if the enzyme
activity is low and a high-molecular-weight substrate 
is used. For routine assays, it is probably preferable 
to use a substrate possessing a range of chain lengths
 say from at least 20 to 100 nucleotides with a
precipitant which will precipitate all the substrate and 
any products larger than, e.g. 7-8 nucleotides long.
With such an assay system, it is unlikely that enzymes 
would be undetected even at low activities.
Here it may be pointed out that in many of the 
studies reported on the distribution of RNases in 
subcellular fractions, little account has been taken of 
possible variations in distribution, activity, etc. due 
to different assay procedures. Interpretation is made 
more difficult by variable purity (often inadequately 
determined) of the subcellular fractions investigated. 
For example, many early studies on distribution utilized 
unbuffered sucrose solutions as fractionation media; 
as Roodyn (1969) has pointed out in the case of nuclei, 
the variable, often acid, pH of such media can have 
profound effects on the purity and activity of 
subcellular fractions. Control of pH, ionic strength 
etc. are essential in obtaining reproducible and 
meaningful results in subcellular fractionation. (In 
this context, it is regrettable that Roodyn (1969) 
should have continued later in his review to recommend 
a method which utilizes unbuffered media)
With these reservations, it may be stated 
that liver seems to contain a number of RNases with 
markedly differing properties. RNase activity of some 
sort has been reported in all subcellular fractions from 
liver, as is further considered below. The understanding 
of the role(s) of those different enzymes in the 
metabolism of RNA is one of the most complex - and 
obstinate - areas of Slo chemistry.
2. Early studies on liver ribonucleases and 
ribonuclease inhibitor
Roth (1954) and de Lamirande et al.(1954) 
showed that two distinct peaks of activity were found 
when homogenate RNase was assayed at different pH 
values - one at about pH 5.8, the other at about pH 8.2. 
de Lamirande et al.(1956) demonstrated that these 
activities differed in several ways, and suggested the 
presence of two distinct enzymes, acid RNase and 
alkaline RNase. Early studies on distribution 
(Schneider and Hogeboom, 1952; de Lamirande et al.,
1954), before the existence of lysosomes had been 
established, assigned the bulk of alkaline RNase to the 
mitochondrial fraction, with about 10% in the nuclear 
and supernatant fractions. A slightly larger 
percentage than this was found in the microsomal 
fraction. In 1956, however, Roth demonstrated the 
presence of an endogenous inhibitor in rat liver 
supernatant. Such an inhibitor was first reported by
Pirotte and Desreux (1952) in the high-speed supernatant 
from guinea-pig liver. The inhibitor from rat liver 
has been extensively studied (Roth, 1956, 1958a, 1962;
Roth and Hurley, 1966) and partly purified by Shortman 
(1961) who also investigated its properties. To 
summarize the results obtained, it may be stated that the 
inhibitor, found mainly in the supernatant for the case 
of rat liver, is a glycoprotein, very labile to heat and 
dilute acid. It is dependent on intact sulfhydryl 
(-SHJ groups for its activity, being readily inactivated 
by sulfhydryl reagents (e.g. pCMB) and heavy metal ions 
(e.g. Pb2+, Hg2+) (Roth, 1958b). The inhibitor is 
present in large excess and Roth (1962) showed that the 
bulk of the alkaline RNase activity of rat liver is 
really in the supernatant, as an inactive complex with 
the inhibitor.
This discovery clarified some of the early 
confusion over the distribution of RNase activity. 
Presumably, some assay procedures led to inadvertent 
destruction of the inhibitor for reasons which are 
unclear, as in the early work of de Lamirande1s group 
(Allard et al., 1957). It became apparent that minor 
differences in assay procedure - such as storing fractions 
overnight at -15°, which preserves the inhibitor, or 
overnight storage at 0-4°, which results in the loss of 
about 50% of the inhibitor, would cause marked 
differences in the apparent distribution of RNase activity.
Unfortunately, many workers still fail to state whether 
their assay and storage conditions are such as to preserve 
or inactivate the inhibitor, and do not indicate whether 
they are reporting free or total activity. When 
reference data, such as homogenate specific activity, 
are lacking (e.g. Emmelot et al., 1964), or it is unclear 
what basis (e.g. total activity, specific activity, etc.) 
is used to express the results (e.g. Siefert and Vacha, 
1970b), the assessment of the significance of a particular 
enzyme activity becomes extremely difficult.
Alkaline RNase of the supernatant is unlikely 
to exhibit activity in the cell because of the large 
excess of inhibitor (Roth, 1967). However, possible 
compartment ali sat ion in the intact cell, resulting in 
some enzyme not being exposed to the inhibitor, cannot 
be excluded. While Roth (1967) reported that acid 
RNase is little affected by the inhibitor, at least at 
the pH of the assay, and Rahman (1966) reported that 
one of the RNases of the particulate fraction (*RNase 
III*) is likewise unaffected by the inhibitor, most 
other enzymes do not appear to have been studied in 
this respect.
The function of the inhibitor is far from 
clear. There are many reports of increased levels of 
RNase inhibitor in rapidly growing tissues; e.g., in 
regenerating liver, inhibitor levels are increased by
about 40% at 48 hours after partial hepatectomy, while 
1 total1 alkaline RNase activity is similar to that of 
normal liver (Shortman, 1961; Maor and Alexander, 1968). 
RNase and RNase inhibitor levels have also been 
investigated in a variety of tissues (e.g. Shortman,
1962; Imrie and Hutchison, 1965; Girija and Sreenivisan, 
1966; Kraft and Shortman, 1970a, b). While the 
absolute levels of RNase and RNase inhibitor each varied 
considerably in the different tissues, the ratio of the 
inhibitor to RNase appeared to correlate with the 
metabolic activity of the tissue. In tissues where 
protein synthesis was high and RNA was accumulating, a 
high inhibit©r/enzyme ratio was observed. In tissues 
where protein synthesis was low, a low inhibitor/enzyme 
ratio was observed. These observations have led 
investigators to conclude that the inhibitor/RNase ratio 
is the means by which controls the levels of RNA and 
of protein synthesis (Girija and Sreenivisan, 1966;
Kraft and Shortman, 1970a, b). However, this conclusion 
is not entirely satisfactory; for instance, it has been 
claimed that the increased ability of polysomes from 
regenerating liver is not related to the increased 
content of the inhibitor in this tissue (Moriyama 
et al., 1969). Some doubt therefore attaches to 
suggestions that the inhibitor/RNase ratio is the means 
by which the cell controls the levels of RNA and of 
ptoyein synthesis. Control of the rate of synthesis of 
m-RNA and r-RNA, and of the levels of different
initiation factors, would seem much more efficient and 
simple means of controlling such processes. One can 
but wonder at the reasons for 70% or so of the total 
homogenate RNase activity, representing relatively large 
amounts of enzyme,being retained in an inactive state, 
particularly as in no known physiological or 
pathological state does more than a fraction of this 
1latent1 RNase appear as free activity.
3. Ribonuclease activities of the supernatant fraction
(a) Alkaline RNase
As stated above, the alkaline (pH 7.8) RNase 
of the supernatant represents about 70% of the total 
RNase of the homogenate. The enzyme has been 
extensively studied and partially purified (e.g. Roth, 
1958a, 1959) and the enzyme from pig liver has been 
purified about 3,000-fold (Beard and Razzel, 1964).
These workers also purified an alkaline (pH 7.8) RNase 
from the mitochondrial fraction, to the same extent.
Both preparations were reported to be free from acid 
RNase and exonuclease activities.
The properties of purified supernatant and 
mitochondrial alkaline RNases are strikingly similar, 
although there is some disagreement in the literature 
about their identity. Roth (1959) reported differences 
in specificity towards cyclic purine nucleotides and
poly(U) susceptibility to the endogenous inhibitor and 
2 *1*
of Cu ; these differences, however, do not appear to 
have been confirmed by other workers. Both enzymes 
appear to degrade RNA to pyrimidine 2 1,3,-cyclic 
mononucleotides and purine-rich 'core* oligonucleotides 
terminating in a pyrimidine 2*,3'-cyclic nucleotides 
(Zytko et al., 1958; Reid and Nodes, 1959; Maver and 
Greco, 1962; Nodes et al., 1962). Beard and Razzel 
(1964) suggested that their enzymes were contaminated 
by an inhibitor which prevented hydrolysis of cyclic 
2*,3*-mononucleotides, although this does not appear 
to have been studied further. Nodes et al. (1962) 
showed that heat-treated supernatant RNase exhibited 
no differences in pH optimum (pH 7.3), chromatographic 
behaviour, and substrate specificity from the 
mitochondrial enzyme examined after similar heat-treatment. 
Roth (1967) has suggested that the supernatant RNase 
may represent enzyme released from the mitochondria 
with age, although he cited no data to support this.
Gordon (1965q) purified an alkaline RNase 
6,600-fold from rat-liver whole homogenate. As no
cel1-fractionation step was included, this worker 
assumed the identity of the supernatant alkaline RNase 
with that of the sedimentable fraction. The use of 
such approaches is thus highly questionable, and 
whole-tissue studies will generally not be considered 
in this thesis. As M.orais and de Lamirande (1970)
point out "Determination of total rather than specific 
alkaline RNase activity in an homogenate might mask 
substantial informations regarding the subcellular RNA 
metabolism".
It is unfortunate that so much work is still 
being done, both on normal and neoplastic tissues, with 
no attention given to the isolation of specific 
organelles and examination of specific enzymes.
(b) Acid ribonuclease
The soluble fraction of the cell has long been 
known to contain considerable amounts of acid RNase 
(e.g. Wattiaux et al., 1956). Reid and Nodes (1959, 
1963) showed that up to 20% of the total RNase activity 
of liver was found in the supernatant ; trial of 
particularly mild homogenisation conditions did not 
markedly reduce this proportion, suggesting that at 
least some of this activity may be present in the soluble 
fraction in vivo. Similar data have been presented 
by Burge (1973). El-Aaser (1965) found no alteration 
in these levels with age for rat liver, although Goto 
et al.(1969) reported that acid RNase activity increases 
markedly with age in supernatants from the livers of 
mice, guinea pigs and hamsters. The total activity 
was not significantly altered, and these authors 
suggested that either the lysosomal membranes became 
considerably more fragile as the animals aged, or there 
was present, in older animals, a class of 'light1 
lysosomes which were not sedimented. In this context,
the report by Rahman and Cerny (1969) of a class of 
acid-RNase-containing particles which sediment slower 
than microsomes is noteworthy; but these results were 
obtained using suckling and young (e.g. 4-10 day old) 
rats. Further work is needed here.
Futai et al.(1969) studied the acid RNase 
activity of the supernatant fraction in some detail.
They showed than an acid RNase, distinguished from the 
lysosomal enzyme by differences in molecular weight, 
chromatographic behaviour and response to divalent cations, 
was present in liver supernatant, although it was not 
possible to separate this from alkaline RNase. After 
what they called 'mild' homogenisation with a Waring 
Blendor only this enzyme was found in normal liver 
supernatant. This acid RNase is heat-labile, like that 
of lysosomes; the claim that there are two distinct engymes 
remains unique in the literature. The results of Goto 
et al. (1969) cited above could usefully be re-examined 
in the light of these claims, especially since the ageing 
studies did not include measurement of other lysosomal 
enzymes such as acid phosphatase.
Acid 3'-exonuclease ('phosphodiesterase II») 
has also been reported in the supernatant (Razzel,
1961). Although this report suggested that 60% of 
the enzyme was present in the soluble fraction, the 
enzyme is almost certainly a normal constituent of
lysosomes (Razzel, 1963 ; cf* Van Dyck and Wattiaux,
1968) and will be considered in the appropriate section.
(c) Miscellaneous enzymes
Brightwell and Tappel (1968a) have reported 
a phosphodiesterase active against bis(p-nitrophenyl) 
phosphate at pH 6.6, in rat liver supernatant. The 
properties of this enzyme indicate that it is distinct 
from the lysosomal one (irritatingly given the same 
classification, 'phosphodiesterase I V ,  by these authors). 
The enzyme activity is quite low. The enzyme may be 
the same as the 3'-exoRNase described by Hunter and 
Korner (1968). This enzyme exhibited a very flat pH 
curve between pH 4 and pH 8, and preferentially attacked 
denatured, low-molecular-weight RNA. However, neither 
of these enzymes appear to have been studied further.
4. Ribonuclease activity of ribosomal preparations
'Latent* RNase activity in microbial ribosomes
was first discovered by Bison (1958) and has since been
extensively studied, most observers considering the
enzyme to be a genuine constituent (e.g. see review by
Bison, 1967) although there is some disagreement
(Roth, 1967). In the same year as Bison published his
original paper, Tashiro (1958) reported the presence of
an alkaline (pH 8.0) 3 '-RNase in rat liver ribosomes.
No evidence for latency was reported. The rat-liver
2+enzyme is inhibited up to 70% by Mg , and activated up
to 500% by EDTA (de Lamirande et al., 1966). 5 1-RNase
(pH 7.0) and 5 1-PDase activities appear to be absent 
(de Lamirande et al., 1966). Numerous other reports 
have appeared on the RNase found in isolated ribosomes, 
but there is some dispute as to the nature of this 
activity (Roth, 1967).
While Elson (1967) believes that RNase is a 
genuine constituent of bacterial ribosomes, Roth (1967) 
suggested that the association of RNase with liver 
ribosomes was "artifactual". The latter view was based 
mainly on the studies of Siekevitz (1963) on the ability 
of bovine liver ribosomes to adsorb appreciable quantities 
of bovine pancreatic RNase in vitro in a reversible 
reaction, and on the studies of Utsonomiya and Roth on 
ribosomal preparations from liver and hepatomas 
(Utsonomiya and Roth, 1966a, b; and data in Roth, 1967). 
While it seems perfectly possible that some RNase may 
become adsorbed to ribosomes during homogenisation and
isolation ---  a true artefact --- Roth confusingly
proposes an in vivo process which he also classifies as 
"artifactual". In this scheme, by some "as yet unknown 
physiological process of disaggregation and reaggregation 
of ribosomes" in vivo, RNase becomes associated with 
ribosomal sub-units, which may "artifactually" 
reassociate into 80 S ribosomes which include the RNase. 
However, as Roth (1967) also suggests that ribosomes
lacking RNase may represent particles which
"have completed (temporarily or permanently) 
their function in protein synthesis and have 
therefore released their RNase into the 
medium",
he would appear to be self-contradictory. Further 
studies are obviously necessary to elucidate the 
possible presence and function, if any, of ribosomal 
RNase in vivo. In this context, it may be noted that 
experiments in our laboratory on the RNase of native 
subribosomal particles suggest that RNase is present in 
both 40,9 and 60, $ subunits (Hinton, R.H., and Norris, K.A. , 
unpublished experiments) although the low activities 
render reproducible measurements rather difficult.
5. Ribonuclease and phosphodiesterase activities 
of the microsomal fraction
The 1 conventional1 microsomal fraction, as 
prepared by,differential centrifugation, is extremely 
heterogenous. This fraction contains membranes from 
the rough and smooth endoplasmic reticulum, the plasma 
membrane, the Golgi apparatus, and fragments of 
mitochondrial and lysosomal membranes (e.g. Reid, 1967; 
Dallner and Ernster, 1968; Amar-Costesec et al.,1969).
The fraction also contains free and bound polysomes and 
ribosomes. Many workers, however, appear to assume that 
an enzyme activity in the microsomal fraction derives
from the endoplasmic reticulum (e.g. Siefert and 
Vacha, 1970b). In this discussion, enzymes now known 
to be localised in other organelles, e.g. the plasma 
membrane, are discussed in detail in the appropriate 
section, only brief reference being made here.
Razzel (1961) reported a 5*-PDase ( 'PDe.se I) 
with optimum activity at pH 9.2 (substrate: 
jD-nitrophenylthymidine 5 1-phosphate) in 'lysosomal/ 
microsomal' and nuclear fractions. Further data were 
provided by de Lamirande et al.(1966). This enzyme 
has since been shown to be located in the plasma membrane 
(Erecinska et al.,(1969 ).
Morals and de Lamirande (1965a) reported 
5 '-PDase activity (probably the plasma membrane enzyme) 
and a pH 8.0 RNase in rat liver microsomes^ a further 
5'-endonuclease (pH 7.0) was also reported (Morals and 
de Lamirande, 1965b). de Lamirande et al.(1966) 
studied the distribution of these enzymes between the 
ribosomes and the 'endoplasmic membranes', concluding 
that the pH 8.0 RNase was ribosomal (see preceding 
section). The pH 7.0 5*-endonuclease was part of the 
membrane system, as was the 5'-PDase (p-nitrophenylthymidine 
5'-phosphate as substrate). The authors suggested 
that the enzyme may be involved in mRNA metabolism.
However, as stated above, the 5'-PDase is almost 
entirely a plasma membrane enzyme. The 5'-endonuclease
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was studied further (de Lamirande et al.,1967), most 
activity (64%) being found in the mitochondrial fraction 
with some activity (24%) in the nuclear fraction. The 
activity of this enzyme in the microsomal fraction may 
well be due to fragments of mitochondrial outer membrane, 
in which the enzyme is localised (Morais, 1969). Indeed, 
there is little conclusive evidence for the specific 
localisation of RNase in endoplasmic reticulum membranes.
Rahman (1966, 1967) reported the presence of a
novel alkaline (pH 9.5) RNase ('RNase III') in rat liver
particles. This enzyme, which is unaffected by the
inhibitor, is heat and acid labile. It is strongly
2+inhibited by EDTA, monovalent cations, Mg at high
2+concentrations, and by other divalent cations. Mg 
at 0.5-l»0mM activates (30-40%), as does Triton X-100 
at 0.1% concentration. The enzyme had a very diffuse 
distribution among particulate fractions, as examined 
both by conventional and zonal centrifugation (Rahman, 
1967). 35% of the enzyme appeared to be in the
mitochondria. Roth (1967) suggests that the enzyme 
is present in membranes, although without specifying 
which membranes. This enzyme does not appear to have 
been studied in detail by other workers ; Siefert and 
Vacha (1970b) assayed this enzyme in rat liver, but 
under the assay conditions used, the activity measured 
was probably due to the plasma membrane enzyme (see 
Results, Chapter III, and Discussion, Chapter IV).
«
Numerous reports have appeared concerning the 
effects on alkaline RNase of phenobarbitone and other 
microsomal enzyme inducers in rat liver (e.g. Siefert 
and Vacha, 1970a, b; Stolman and Loh, 1970; Louis-Ferdinand 
and Fuller, 1970a, b). The variety of assay procedures, 
with varying ionic conditions, renders comparison of 
results rather difficult. The claimed suppression of 
alkaline RNase activity in microsomes, usually based on 
specific activity, may merely indicate that the main 
activity being measured is due to plasmQ.. membrane RNase 
(cf. the data for 5 1-nucleotidase and RNases in Siefert 
and Vacha, 1970b). That some effect occurs in the 
case of acid RNase and the supernatant alkaline (pH 7.8) 
RNase seems probably, but the data for 'microsomal'
RNase depression are equivocal.
6. Ribonuclease and phosphodiesterase activities 
of lysosomal fractions
(a) Acid RNase
Acid RNase, as mentioned earlier, is almost
entirely localised in lysosomes (de Duve et al., 1955;
Reid and Nodes, 1959, 1963; inter alia). The enzyme
has been widely investigated, and has been partially
purified and characterised by a number of workers
(e.g. Maver and Greco, 1956; Roth, 1957; Zytko et al. ,
1958; Futai et al., 1969). Unlike the pH 7.8 alkaline
rather
enzyme, acid RNase is a W g W y  unstable enzyme, being 
rapidly destroyed by heating or dilute acid. Optimum
activity is found between pH 5 and pH 6. Stevens and
Reid (1956 ) mentioned that acid RNase was more active
against partially degraded RNA than high-molecular-weight
RNA, whereas the reverse was true for alkaline (pH 7.8)
RNase. No base-specificity is apparent, and the enzyme
does not leave an undialysable 1 core1 of resistant
oligonucleotides as does the alkaline (pH 7.8) RNase
(Reid and Nodes, 1959; Maver and Greco, 1962). Many
of the early studies on acid RNase, were affected by
contamination of the preparations with other nucleolytic
enzymes^e.g.’mitochondrial alkaline RNase and acid
exonuclease, so that the specificity studies were of
doubtful significance. More recently, Futai et al.
(1969) have obtained highly purified preparations of
lysosomal acid RNase which were free of alkaline RNase,
PDase and DNase activities. The enzyme was more active
against 'yeast RNA' than ribosomal or t-RNA, confirming
the observations of Stevens and Reid (1956). However,
the supernatant acid and alkaline RNases were also less
active against the high-molecular weight substrates,
the supernatant acid RNase being most affected of all 3
enzymes (cf. the discussion in section 3(b) above). It
is possible that this effect is due to the degree of
secondary structure of the substrates used. The
lysosomal acid RNase degraded RNA to 2*,3'-cyclic
mononucleotides, which were then hydrolysed specifically
2+to 3 *-mononucleotides. EDTA and Mg had little effect
2+ 2+ 2+ 
on the enzyme, while Cu , Zn and Hg strongly
inhibited, in contrast to the effects of these ions on 
the supernatant acid RNase and the alkaline (pH 7.8)
RNase. Two fractions of acid RNase activity were 
obtained on DEAE-Sephadex chromatography of crude 
lysosomal extracts from hog spleen (Bernard! and 
Bernard!, 1966) and rat liver (Beck et al., 1968) 
but these fractions were not characterised, and one is 
quite possibly due to contamination by alkaline RNase 
(cf. Fut ai <at al., 1969).
A considerable body of evidence has accumulated 
which suggests that acid RNase is in a different class 
of lysosomes to those containing acid phosphatase.
Rahman et al. (1967) published observations based on 
zonal centrifugation in an AXII rotor which indicated 
that acid RNase and acid phosphatase were in different 
classes of lysosomes, confirming earlier suggestions 
based on observations made during hormonal and other 
studies (Deckers-Passau et al., 1957; Reid and Nodes, 
1959; inter alia). However, the rotor used in the studies 
of Rahman et al. (1967) was poorly chosen, being too slow 
to provide adequate path-length/centrifugal force 
combinations for good lysosomal separations. Colleagues 
of the present author have now performed separations in 
the HS zonal rotor, and obtained definite evidence for 
the heterogeneity of lysosomes (Burge and Hinton, 1971; 
Burge, 1973). The biological significance of lysosomal 
heterogeneity is as yet unclear.
(b) Acid exonucleases
Van Dyck and Wattiaux (1968) described an acid
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3 1-exonuclease activity in rat liver which was localised 
in lysosomes. The enzyme was assayed at pH 5.0 with 
'core* DNA as substrate; unfortunately, no studies were 
made with RNA as substrate. The exonuclease was distinct 
from lysosomal acid DNase ('DNase II*) in chromatographic 
behaviour and substrate specificity.
The properties of the enzyme reported by Van 
Dyck and Wattiaux (1968) are very similar to an acid 
3*-exonuclease of hog spleen described by Bernardi and 
Bernard! (1968a). The latter enzyme attacked denatured 
DNA, 'core* RNA and poly(A), poly(U) and poly(I). Poly(C) 
was resistant. The spleen exonuclease also slowly 
attacked bis(p-nitrophenyl)phosphate. Bernardi's team
had previously reported that the acid DNase of hog 
spleen also hydrolysed bis(p-nitrophenyl)phosphate, as well 
as DNA and p-nitrophenylthymidine 3'-phosphate (Bernardi 
and Griffe, 1964). Bernardi and Bernardi (1968&)showed 
that the acid DNase and acid exonuclease activities were 
due to distinct enzymes, as similarly reported for the 
liver enzymes by Van Dyck and Wattiaux (1968).
(c) Acid phosphodiesterase
Razzel (1961) described two enzymes capable of 
hydrolysing p-nitrophenylthymidine phosphates ; the 
alkaline enzyme ('PDase I') has already been mentioned.
The acid enzyme ('PDase II*) which hydrolysed the 
3 '-phosphate ester, was optimally active at pH 6 and was 
heat-labile. This enzyme was reported to be present mainly
in the supernatant, with smaller amounts in the nuclei, 
mitochondria and microsomes, in that order. However, 
more recently other workers (Brightwell and Tappel, 1968a; 
Erecinska et aT., 1969) have produced evidence that acid 
PDase is almost entirely lysosomal. Yet there is some 
doubt as to the specificity of these enzymic activities. 
Razzel (1961) assayed acid PDase (1PDase I*) with 
p-nitrophenylthymidine 3 1-phosphate. The same substrate 
was used by Erecinska et al.(1969), and there seems little 
doubt about the identity of the two activities. Brightwell 
and Tappel, (1968a) however, used the 5 1-phosphate 
derivative as substrate in their studies, despite the 
reported specificity of acid PDase for the 3*-phosphate 
ester (e.g. Razzel, 1963; Erecinska et al., 1969).
Brightwell and Tappel (1968a) found two peaks of activity, 
one at pH 3.2 and the other at pH 5.2 (both designated as 
1 acid PDase I*). The peak of activity at pH 3.2 was not 
investigated in detail.
The pH 5.2 acid PDase was compared with the 
enzyme attacking bis(p-nitrophenyl)phosphate at pH 5.2 
(1PDase IV; not to be confused with the pH 6.6 enzyme 
of the supernatant, also termed 1PDase IV Î). Brightwell 
and Tappel (1968a, b) also studied the acid pyrophosphatase 
of lysosomes. While the activity against
p-nitrophenylthymidine 5*-phosphate at pH 3.2 seemed to be
due to a distinct enzyme, Brightwell and Tappel (1968a) 
considered that the activities at pH 5.2 against 
p-nitrophenylthymidine 5 1-phosphate and bis(p-nitrophenyl) 
phosphate were both due to the same enzyme which was 
responsible for the acid pyrophosphatase activity. This 
conclusion was based on chromatographic behaviour, 
pH optima, and effects of various activators on the 
hydrolysis of the different substrates.
It is difficult to reconcile the observations 
of Brightwell and Tappel with those of other workers.
Apart from the dubious specificity of the substrate used 
by Brightwell and Tappel (1968a), as discussed above, it 
would seem likely that there are other enzymes in 
lysosomes capable of attacking synthetic substrates. 
Bis(jvnitrophenyl)phosphate is hydrolysed by spleen acid 
DNase (Bernardi and Griffe, 1964) and by the spleen acid 
exonuclease (Bernardi and Bernardi, 1968a), as described 
in section (b) above. While the substrate specificity 
of the liver enzymes could differ from that of the spleen 
enzymes, many of the other properties are very similar, 
as indicated in section (b) above. In view of the failure 
of Brightwell and Tappel (1968a) to investigate the 
hydrolysis of nucleic acids, oligonucleotides or 
p-nitrophenylthymidine 5'-phosphate, one must conclude 
that extensive studies, utilising a wide variety of 
substrates, are necessary in order to determine if all 
these acid exonuclease and phosphodiesterase activities 
are due to different enzymes.
(d) Alkaline ribonuclease
Reid and Nodes (1959) observed that alkaline
RNase could be released by freeze-thawing of a crude
mitochondrial fraction in isotonic sucrose, but less
readily than the known lysosomal enzymes acid phosphatase
and acid RNase. Studies with a raffinose-dextran medium,
which improves the separation between mitochondria and
lysosomes by retarding the sedimentation of the latter,
led these workers to suggest that :
"Both alkaline RNase and acid RNase are present
in particles similar to, if not identical with,
the lysosomes which contain acid phosphatase.
Assuming that there is indeed only one alkaline
RNase in particles and that it is located in
only one type of particle, the simplest
hypothesis to explain our results is that
alkaline RNase is present in particles which
differ from lysosomes in being less readily
sedimented."
This hypothesis has received scant attention in 
later studies. Most workers who have isolated an alkaline 
(pH 7.8) RNase preparation from crude mitochondrial 
fractions appear to assume that the enzyme derived from 
the mitochondria (e.g. Beard and Razzel, 1964; Roth, 1959; 
see also Roth, 1967; and Shugar and Sierakowska, 1967).
Yet there is strong evidence that there is indeed alkaline 
RNase associated with lysosomes. Rahman (1967) found that
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alkaline RNase activity at pH 7.8 was diffusely 
distributed amongst rat-liver particles, with a 
substantial proportion of the activity being apparently 
associated with lysosomes. Burge (1973) has presented 
data from considerably better lysosomal separations than 
those obtained by Rahman (1967) and his data stronglyfc 
suggest that alkaline RNase is present in lysosomes. As 
judged by freeze-thawing data, the activity appears to be 
associated with the membrane.
Burge (1973) found that the lysosomal alkaline
RNase was slightly more active in the presence of EDTA
2+
than in the presence of Mg , and was virtually inactive 
against poly(A). The properties of this enzyme are 
hence similar to those of the 1 mitochondrial1 alkaline 
RNase as isolated from crude mitochondrial fractions 
(e.g. Beard and Razzel, 1964), and to those of the alkaline 
(pH 7.8) RNase of the supernatant (e.g. Beers, 1965;
Beard and Razzel, 1964). It thus seems probable that 
at least some of the activity of 1mitochondrial1 alkaline 
RNase preparations is due to the lysosomal enzyme.
Further evidence that the ’mitochondrial* 
alkaline RNase is mainly localised in lysosomes was reported 
by Burge (1973). When crude mitochondrial + lysosomal 
fractions were fractionated in an HS zonal rotor, a large 
part of the alkaline RNase activity sedimented similarly
to the lysosomal markers acid phosphatase and acid RNase. 
Also Futai et al. (1969) observed that a partially 
purified lysosomal fraction from rat liver contained about 
25% of the ’'total11 alkaline RNase of the homogenate 
(apparently assayed without prior destruction of the 
endogenous inhibitor). This was a surprisingly high 
proportion of the activity, but was simply dismissed by 
Futai et al. (1969) as being due to ”contamination”. No 
data for marker enzymes were reported; in the light of the 
results presented by Burge (1973), the "contamination” 
hypothesis of Futai et al. (1969) is hardly adequate to 
explain the high alkaline RNase activity of their lysosomal 
preparation.
There is clearly need for further work on this 
interesting lysosomal alkaline RNase. The relation of 
this enzyme to other cytoplasmic alkaline RNases is as 
yet obscure. The lysosomal enzyme may be identical with 
the 1 mitochondrial1 alkaline RNase, as discussed in the 
preceding paragraphs; the similarity of this latter 
enzyme to the alkaline RNase of the supernatant has already 
been discussed (see section C.3, above). It is therefore 
possible that the same alkaline RNase may be present in 
lysosomes, mitochondria and the cytosol. The problem is 
further complicated by the possibility that portions of 
the plasma membrane might be incorporated into secondary 
lysosomes during endocytosis. As reported in the 
'Results*, Chapter III of this thesis, there is substantial
alkaline RNase activity in plasma membranes ; however, 
the slight activation of the lysosomal alkaline RNase 
by EDTA suggests that the lysosomal activity cannot be 
solely due to the plasma-membrane enzyme, which is 
strongly inhibited by EDTA.
7. Ribonuclease activities of mitochondrial fractions
The properties of the 'mitochondrial1 alkaline 
RNase have been discussed in the preceding section, and 
will not be considered further. It may be pointed out, 
however, that the uncertainty as to the subcellular location 
of this enzyme is due to the general use of crude 
mitochondrial fractions in studies on this enzyme. Such 
fractions are extensively contaminated by lysosomes, and 
often contain substantial amounts of microsomal material.
It should be remembered that the studies reported below 
were also mainly carried out on crude mitochondrial 
fractions, and thus some doubt may attach to the 
'mitochondrial* location of some of these activities.
Morais and de Lamirande (1965) described a 
5*-endonuclease in rat liver which was active against 
poly(A). This enzyme was thus different from the 
alkaline (pH 7.8) RNase of the supernatant, as this latter 
enzyme does not hydrolyse poly(A) to any significant 
extent and does not liberate oligonucleotides terminating 
in 5'-nucleotides (Beers, 1960). The 5'-endonuclease 
was also activated by Mg2+ and inhibited by EDTA.
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de Lamirande et al.(1967) investigated the distribution 
of the 5 1-endonuclease, and found it to be localised in 
the mitochondria. Further studies by this group 
(Morais et al., 1967) showed that the enzyme was also 
active against DNA. : Morais (1969) investigated the 
localisation of the enzyme within mitochondria, finding 
the bulk (60-65%) in the outer mitochondrial membrane.
The remaining 35% appeared to be in a soluble form between 
the two mitochondrial membranes. de Lamirande et al.(1967) 
have estimated that this endonuclease is responsible for 
about 65% of the 5 T-RNase activity in normal liver.
Curtis et al. (1966) reported the isolation of
a non-specific nuclease from rat-liver, purifications of
700-fold being achieved. Curtis and Smellie (1966)
reported the properties of this enzyme in some detail;
optimum activity was found between pH 6.8 and 7.8, with
an absolute requirement for Mg2+ or Mn2+. Ca2+ and 
2+
Na were both inhibitory. The enzyme was a 
5 1-endonuclease, active against both RNA and denatured 
DNA; no strong evidence for base specificity was obtained. 
The enzyme was very labile, and could be stabilised by 
glycerol and by sulfhydryl-protecting reagents such as 
2-mercaptoethanol. The properties of this enzyme are 
very similar to those of the 5*-endonuclease studied by 
de Lamirande et al. (1967) discussed in the previous 
paragraph; the enzymes are almost certainly identical.
Recent studies by Burge (1973) have produced
data which conflict with those discussed above. He 
found activity vs.poly(A) in mitochondria at pH 7.8, as 
had de Lamirande1s group, but this activity was found to 
be enhanced by EDTA, and would thus appear to be a 
different enzyme. It is unlikely to be due to cytosol 
contamination, as the supernatant alkaline (pH 7.8) RNase 
has very little activity against poly(A) (Beers, 1960). 
Burge’s storage and assay conditions were such as to lead 
to inactivation of the enzyme(s) described by de Lamirande’ 
and Smellie’s groups (Burge, 1973). It may be very 
significant that Nodes et al.(1962) found multiple peaks 
of RNase activity when deoxycholate-solubilised 
mitochondrial extracts were chromatographed on 
DEAE-cellulose. When the extracts were heated at pH 3.5, 
only one peak was obtained. This peak of alkaline RNase 
was apparently identical with the supernatant enzyme, 
as discussed earlier. However, these workers did not 
give recovery data, and did not investigate the properties 
of the other peaks which were found in untreated extracts. 
As most of the studies reported above are concerned with 
(presumably) relatively intact mitochondria, and, given 
the existence of a separate protein-synthesising system 
in mitochondria (e.g. Pullman and Schatz, 1967), it seems 
probable that there are other, intramitochondrial, RNases 
which have not yet been characterised.
8. Ribonuclease activity in nuclear fractions
Studies on the distribution of RNase published
Hthus far have failed to give a clear picture of the 
amounts and nature of RNases in nuclei. Many of the
early studies utilized 1 nuclear fractions1 isolated by 
differential centrifugation, usually in isotonic sucrose, 
with perhaps two or three washes. Such *nuclei* are 
grossly contaminated with erythrocytes, fibrous material, 
whole cells etc., and thus useless for reliable estimates 
of nuclear RNase activity. Roth (1956), reviewing the 
data available at that time, could only conclude that 
somewhere between 1 and 15% of the homogenate RNase 
activity was localised in nuclei. As Roodyn (1969 ) has 
pointed out, even today few reports on the isolation of 
nuclei contain adequate data on the purity of the 
preparations. Statements such as *nuclei were free- of 
cytoplasmic contamination * are frequently made without, 
apparently, any assays for *marker* enzymes having been 
carried out. Descriptions of * nuclear * RNases studied 
in, or isolated, from such preparations must therefore 
be regarded with some caution.
Even when adequate data on purity are reported, 
some nuclear preparations may give extremely misleading 
information. As discussed in some detail by Siebert (1967), 
the most commonly used homogenisation media, dilute 
(usually 0.25M) sucrose solutions, allow of extensive 
extraction and redistribution of nuclear enzymes and other 
constituents. The classical example of this is DNA 
polymerase. The^demonstration of the nuclear localisation
46
of this enzyme required the use of organic solvents as 
isolation media (Keir et al., 1962; Behki and Schneider, 
1963); in aqueous media the enzyme was extracted and 
appeared in the cytosol. Further, nuclear constituents
such as nucleic acids and (basic) histones may adsorb 
appreciable quantities of cytosol proteins, for example 
cytochrome c (Conover and Siebert, 1965), when aqueous 
isolation media are used. However, use of organic 
solvents, which remove all lipids, results in extensive 
damage to membranes and may cause dénaturation of some 
enzymes.
In view of the complexity of nuclear RNA 
metabolism, the activity of RNases in the nucleus must 
be closely controlled in vivo. It seems probable that 
this control is at least partially achieved by the 
localisation of specific enzymes in specific sites within 
the nucleus. If this is so, then any unsuspected
problems of redistribution or extraction of RNases from 
isolated nuclei may result in extremely misleading 
observations being made in in vitro studies.
Unfortunately, these problems have been considered by 
very few observers.
(a) Acid RNase
Using mouse liver, Schneider and Hogeboom (1952) 
demonstrated RNase activity at acid pH in crude nuclear 
fractions. About 10% of the homogenate activity was 
found in the fraction, but *mitochondrial* contamination
was suspected; after further purification, less than 
1% of the total activity remained. Later studies by 
de Duve et al.(1955) showed this enzyme to be essentially 
lysosomal, confirming the contamination hypothesis. Both 
acid and alkaline activities were reported by Roth (1954) 
and Allard et al.(1957); Roth found about 15% of the 
homogenate acid (pH 5.9) RNase in rat liver nuclear 
fraction, which he considered to be due either to 
lysosomal contamination or to residual activity of the 
nuclear alkaline RNase. In an unusual study, in that 
nuclei isolated in both aqueous and non-aqueous media 
were compared, Reid et al.(1964) found both acid and 
alkaline RNase in nuclei. Both preparations of nuclei 
appeared to have low levels of cytoplasmic contamination, 
as judged by assay of 1 marker1 enzymes, i.e. acid 
phosphatase (lysosomes) 5*-nucleotidase (plasma membrane) 
and glucose-6-phosphatase (endoplasmic reticulum). In 
view of the low acid phosphatase/acid RNase ratio (1/6 
that of the homogenate) it is unlikely that the acid RNase 
activity could be due to lysosomal contamination, unless 
some peculiar properties of the acid-RNase-rich lysosomes 
led to selective contamination in both types of media.
1Non-aqueous * nuclei exhibited total RNase activity 
2 to 3-fold higher than 1 aqueous1 nuclei, which may have 
been due to extraction of some enzyme(s) in the 2.2M 
sucrose used for the isolation of the latter. The acid 
RNase was found to have a pH optimum of 5.6-6.0; the 
specific activity of the enzyme was about the same as that 
in the homogenate.
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Subsequent to these studies, some disagreement
appeared between the results of Reid*s and Siebert's
groups e.g. Giannitsis et al. (1967) found no evidence
supporting the earlier observations of finite acid activity
as reported by Reid et al. (1964). As both types of
nuclei were used in both studies, the discrepancy seemed
probably to be due to the different assay conditions used
in the two laboratories (G. Siebert - E. Reid; personal
communications, 1968-1971). Studies by Vharghese (1969)
and Burge (1973) were inconclusive, but West (1971) showed
that at high substrate concentrations, used in Siebert1s
laboratory to saturate the alkaline enzyme, the acid
activity was masked, and that the substrate (t-RNA) was
less susceptible to attack by the acid enzyme than by
the alkaline RNase. Further, the alkaline enzyme could
2+be inhibited by adding Mg to the assay medium, again 
1unmasking1 the acid peak. To complete the explanation,
West (1971) also showed that the two précipitants 
(uranyl acetate-PCA in Reid's laboratory; PCA alone, in 
Siebert's laboratory) also had an effect. The acid 
enzyme appeared to give smaller oligonucleotides than the 
alkaline enzyme, so that the more efficient precipitant 
as used by Reid's group also led to relative enhancement 
of the acid activity. These observations are a 
fascinating example of how apparently minor variations in 
assay procedures may give anomalous results, and are an 
excellent illustration of the difficulties encountered in 
comparing the results from different laboratories.
(b) Alkaline RNase
Both Roth (1954) and Allard et al. (1957) found 
alkaline RNase in their nuclear fractions, as mentioned 
above ; and Reid et al. (1964) confirmed the presence of 
this enzyme in nuclei purified by both aqueous and 
non-aqueous procedures. The pH optimum of about 8.0 was 
similar to the supernatant RNase and other cytoplasmic 
RNases. Roth et al. (1964) reported evidence for the 
presence of RNase inhibitor in crude nuclear fraction; 
more reliable evidence was provided by Reid et al. (1964), 
for 1 aqueous * nuclei, subsequently confirmed by Turner (1966). 
Turner found a smaller proportion of nuclear alkaline RNase 
to be latent than for the supernatant enzyme, suggesting a 
lower inhibitor/RNase ratio or the presence of RNases 
unaffected by the endogenous inhibitor. However, 
interpretation of these results is complicated by the 
possibility of extraction or redistribution of RNase or 
the endogenous inhibitor. Reid et al. (1964) published 
data which suggested that use of aqueous isolation media 
led to inadvertent extraction of RNase during nuclear 
isolation and subsequently Giannitsis et al. (1967) 
reported that total RNase activity in non-aqueous nuclei 
was 8-fold higher than in aqueous nuclei, confirming the 
observations made by Reid's group.
Villalobos et al. (1964a, b ; 1965) studied the 
RNase activity of purified nuclei. They found maximum 
activity at about pH 7.4; the curve was rather flat from
pH 5.0 to 8.2. The enzyme appeared to be localised 
in the nucleolus. As different types of RNA are processed 
in different parts of the nucleus one may expect differences 
between the ribonucleases present. Siebert et al. (1966) 
reported extensive studies on the enzymology of the 
nucleoplasm and the nucleolus. Both the nucleoplasmic 
and nucleolar RNase activities were partially latent, 
and each was released to different extents by treatment 
with Triton X-100, pCMB, ultrasonication or 
2-mercaptoethanol, suggesting that there are various 
mechanisms of latency for nucleoplasmic and nucleolar 
RNases. There also seemed to be RNase inhibitor present, 
confirming those earlier reports discussed in the 
preceding paragraph. The data of Siebert et al. (1966) 
indicated an inverse relationship between the rate of 
RNA metabolism and the level of inhibitor in the nucleus. 
Siebert et al.(1966) suggested that the nucleoplasmic and 
nucleolar enzymes were distinct from each other and from 
the alkaline RNase of the supernatant. The water-soluble 
nucleoplasmic RNase activity which represents about 80% 
of the total activity at pH 7.4 in non-aqueous nuclei, 
was found to be heat stable and activated about 7.5-fold 
by pCMB; the insoluble enzyme was activated 3.5-fold by 
pCMB, further activity being released by sonication or 
Triton X-100 (Giannitsis et al., 1967).
5*-RNase activity in nuclei was first reported 
briefly by Heppel et al. (1956) studying pig liver. The
enzyme reported which attacks poly(U) and poly(A) 
endonucleolytically to give oligonucleotides and 
mononucleotides with 5 1-phosphate residues, is possibly 
the same enzyme studied by de Lamirande et al. (1967), 
whose distribution studies indicate a mitochondrial 
localisation for the enzyme. The 25% or so of the 
activity which they found in crude nuclear fraction seems 
likely to be due to mitochondrial contamination; 
regrettably, no 1 marker1 enzymes were assayed.
A brief report by Cunningham and Steiner (1966) 
described an enzyme activity in isolated rat-liver nuclei 
which rapidly degraded endogenous RNA predominantly to 
5 1-mononucleotides. However, details of the cell 
fractionation procedure were not given, and no fuller 
account of this "novel exonuclease" has been published.
The properties of the enzyme are, however, similar to that 
described in more detail by Lazarus and Sporn (1967). 
Claiming purity for their nuclei on the basis of 
phase-contrast microscopy, the latter workers found liver 
nuclei to possess significant 5 '-exoRNase activity. The 
enzyme is specific for single-stranded RNA, most active 
between pH 7.4 and 9.2, and has an absolute requirement 
for Mg2+ or, less effectively, Mn2+. One interesting 
property claimed for the enzyme was that it attached 
itself to one RNA strand and sequentially degraded it 
completely before attacking another strand. Marked 
alterations in the endoRNase/exoRNase activities were 
found when nuclei from Erlich ascites cells were compared 
to those from normal mouse liver. The relatively labile
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5 *-exonuclease has been found in nuclei from a variety 
of mouse tissues (Sporn et al., 1969). The enzyme has 
no 5 1-PDase activity against p-nitrophenylthymidine 
5 1-phosphate. The 5*-PDase activity in nuclear fractions, 
described by a number of workers (e.g. Razzel, 1961; 
de Lamirande <|t: al. , 1967 ; Brightwell and T appel, 1968a), 
is almost certainly due to contamination by plasma 
membrane fragments (e.g. Erecinska et al., 1969).
Martin et al.(1963) reported that basic 
histone fractions from guinea-pig liver nuclei possessed 
RNase activity, optima being obtained at about pH 5.4,
6.4 and 7.2. Mg2+ ions inhibited the RNase while EDTA 
or strong (4M) urea activated the RNase. Earlier studies 
from the same laboratory (Leslie, 1961) reported RNase in 
"histone" fractions from nuclei and ribosomes ; in the 
later report, the activities were markedly less. Very 
little support for any of these observations has been 
provided by other workers, and the activities, particularly 
the 1ribosomal1 activity, are probably due to contamination.
There is little conclusive evidence for the 
presence of polynucleotide phosphorylase in nuclei from 
mammalian cells. Hilmos and Heppel (1957), using a 
phosphate interchange reaction, demonstrated that a 
'nuclear fraction* from guinea-pig liver could degrade 
poly(A) to 5 *-nucleoside diphosphates and thus the reaction 
was apparently catalysed by a very low level of 
polynucleotide phosphorylase. A reaction similar to that
catalysed by polynucleotide phosphorylase was reported 
to be present in purified liver nuclei (Siebert et al.,
1966) but the activity was, again, very low. More 
recently, the partial purification of a polynucleotide 
phosphorylase from the crude nuclear fraction of 
guinea-pig liver has been reported by Fitt and See (1970),, 
Further studies were reported by See and Fitt (1970).
They suggested the enzyme was associated with the nuclear 
membrane and also with RNA and lipids ; DNA was not present
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in their extract. The enzyme was dependent on Mg , 
optimal activity being found at pH 8.6-9.2. The enzyme 
was most active against poly(A); however, synthetic 
activity of the enzyme was not tested, and the exact 
location seems not to have been conclusively demonstrated. 
Edmonds and Abrams (1960) have shown that isolated nuclei 
can synthesise poly(A); however, later work (Edmonds and 
Caramela, 1969) showed the activity was actinomycin 
D-sensitive, and the product was predominantly present in 
Hn-RNA of about 10 S ; the synthesis thus seemed due to 
RNA polymerase. Later studies have since shown that most 
of this poly(A) is added to the 3 ’-OH end of the Hn-RNA 
after transcription, and that a special enzyme is involved 
(e.g. Philipson et al., 1971).
Harris (1963) has provided strong evidence that 
an enzyme with the properties of a polynucleotide 
phosphorylase is involved in the degradation of 
rapidly-labelled RNA in HeLa cell nuclei ; nucleoside 
5 1-diphosphates are produced, the enzyme possibly being 
attached to the DNA. DNA was not degraded.
Orthophosphate stimulated the activity; ADP inhibited.
Like bacterial polynucleotide phosphorylase, the enzyme 
was inhibited by acridine orange. Polyanionic compounds 
such as heparin, which inhibit RNases, were without effect. 
Unfortunately, the enzyme has not been isolated or 
characterised further.
It is regrettable that so few studies on the 
specificity of nuclear and nucleolar RNases have been 
reported. Indications of specificity are to be found in 
the literature; e.g. Liau et al. (1968) reported that 
HeLa and L-cell nucleoli can process a limited amount of 
45 S ribosomal-precursor RNA to 32 S. This was envisaged 
as a single scission step by an endonuclease, followed 
by stepwise 1trimming1 by exonucleases. As the region 
lost from the 45 S molecules was that region lacking 
methyl groups, it was suggested that méthylation protects 
against the RNase activities. It is interesting in this 
context that Vaughn et al. (1967) reported that 45 S 
RNA synthesised during methionine deprivation - which 
presumably lacks methyl groups - is initially converted to 
32 S but is then completely degraded in the nucleus. It 
should not represent too great a task to utilise such 
observations in the study of nuclear RNase activity as a 
possibly crucial stage in the understanding of nuclear 
RNA metabolism.
9. Plasma membrane RHasa aci.1 vl t.y.
A brief account only will be given here; much of
this thesis concerns the RNase activity of plasma 
membranes, and a detailed discussion will be presented 
in the discussion of the results described later.
Ribonuclease activity on the surface of HeLa 
cells was reported by Norman and Veomett (1961); 
incubation of RNA with intact HeLa cells led to appreciable 
degradation of the RNA. However, some evidence was 
presented which indicated that at least some RNase activity 
was present in a soluble form in the medium. Other 
cultured cells also showed RNase activity in the same 
system. Stonehill and Huppert (1960) reported RNase 
activity in a "cell wall" preparation from Krebs ascites 
cells, but no marker enzyme or recovery data were presented. 
The RNase was considered to be an endonuclease as compared 
to the "exonuclease activity demonstrable with pancreatic 
ribonuclease". Conclusive evidence for the presence of 
RNase activity in liver plasma membrane, however, had not 
been published at the commencement of the studies reported 
in this thesis. Emmelot ejt al. (1964) reported RNase 
activity in isolated rat liver plasma membranes. Assays 
were made at 3 pH values ; 8.9, 7.6 and 5.0. Most 
activity was found at pH 8.9, slightly less at pH 7.6; 
and at pH 5.0, only about 20% of the activity at pH 8.9.
No homogenate data were presented, and it is thus difficult 
to assess the purity of the membrane preparation.
Considerably more data have been published 
concerning 5*-PDase activity in plasma membranes. The 
bimodal distribution of this enzyme between the nuclear
and microsomal fractions as found in studies of fractions 
obtained by differential centrifugation (Razzel, 1961; 
de Lamirande et al., 1967; Brightwell and Tappel, 1968a) 
is due to the heterogeneous size of the plasma membrane 
fragments formed during homogenisation of liver tissue. 
Histochemical evidence, using Q(-naphthylthymidine 5 1-phosphate 
as substrate, indicated that the enzyme is localised in 
the plasma membrane, notably in the borders of the bile 
canuliculi (Shugar et al., 1963) and is absent from 
nuclei (Wolf et al., 1968). Emmelot et al. (1964) 
and Lansing et al. (1967), inter alia, have confirmed these 
observations by demonstrating PDase activity in isolated 
plasma membranes. An extensive study was reported by 
Erecinska erfc al. (1969) showing that plasma membranes, 
isolated from both the nuclear and microsomal fractions, 
contained the bulk of the 5*-PDase activity of the cell.
A more detailed account of these and later studies will be 
presented in Chapter IV.
D . Ribonuclease activity in cancer
Early studies on RNase activity in cancerous 
tissue have been reviewed by Roth (1963), and Reid (1962) 
has summarised data on the changes of RNase activity 
during carcinogenesis. The latter used a 1score-card1 
system to assess the significance of changes in RNase 
activity; only an increase in supernatant acid RNase 
activity in livers of rats fed carcinogens ('pre-cancerous 
liver*) earned a high score in this system. Reid (1962)
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concluded that the observations were very difficult to 
compare in view of the wide variations in methods, 
completeness and, often, poor experimental design and 
inadequate experimental details. Few workers have 
considered the complexity of the RNase system in 
designing their studies ; studies on homogenate total 
activity, especially for alkaline RNase, may indicate 
that some alteration has occurred, but cannot define 
the nature or location(s) of the activities which have 
altered. An apparently normal or near-normal level of 
overall activity could be due to relatively enormous 
alterations in the activity of different enzymes.
Roth (1963), summarising the data then available, 
concluded that RNase activity in a number of rapidly-growing 
hepatomas tended to be lower than in the corresponding 
normal tissue, although many exceptions had been reported 
in which activity was normal or higher than normal. Roth 
was unable to draw any further general conclusions.
Early work, as noted above, is marred by poor 
attention to experimental design and methodology. Many 
studies (e.g. Maver and Greco, 1962) have not taken into 
account the existence of RNase inhibitor. As Roth et al. 
(1964) reported, RNase inhibitor levels may vary from 
much lower than (5 out of 7 hepatomas studied), to twice 
the level (2 out of 7) of normal liver. 2-Acetylaminofluorene 
feeding led to a doubling in the level of RNase 
inhibitor at 12 weeks, but normal levels were soon attained
on cessation of feeding; total alkaline RNase activity 
was not significantly altered during the study (Wojnar 
and Roth, 1965).
Even when subcellular fractionation studies have 
been made, *marker* enzyme data are often inadequate or 
totally lacking. This is a serious obstacle to the 
interpretation of observations on RNase distribution in 
tumours, for most authors assume that the fractionation 
schemes developed for normal liver (commonly that of de 
Duve et al., 1955) are equally applicable to tumours.
That this is often not the case has been known for some 
time; Novikoff (1960) drew attention to the difficulty in 
breaking cells which is often encountered when homogenising 
tumour tissue. Further, the distribution of organelles 
in subcellular fractions is likely to be different ; 
e.g. hepatoma mitochondria are often smaller than those 
from normal liver (Novikoff, 1960; Hartman and Reid, 1969, 
inter alia) and thus may contaminate the lysosomal fraction 
to a considerable extent. Nuclei from tumours may have 
considerable amounts of attached endoplasmic reticulum, 
necessitating quite drastic procedures such as the use of 
citric acid media (Dounce, 1963; Munro et: al. , 1969).
The commonly used hypertonic sucrose media (see review by 
Roodyn, 1969) may lead to selection of a distinct 
population of nuclei (Dessev et al., 1969; Prospero, 1969) 
which may give extremely misleading results. Regrettably, 
few workers have considered such problems when carrying 
out their studies.
Roth (1963) noted that the RNase activity 
associated with the mitochondrial fraction of transplanted 
hepatomas tended to be markedly lower than that in 
mitochondrial fractions from normal liver. Data 
supporting this observation were presented by Roth et al. 
(1964), and de Lamirande (1967) reported the absence of 
5*-RNase activity in *mitochondrial * fractions from 
Novikoff ascites hepatoma. However, many of these 
observations could have been due to poor'.isolation 
techniques. Also, the mitochondria of hepatomas tend 
to be smaller and less numerous than those of normal 
liver (Novikoff, 1960; Reid, 1962, 1965) which makes it 
difficult to assess the relationship to the neoplastic 
process of such a fall in * mitochondrial* RNase activity.
As mentioned above, Reid (1962) and Roth 
(1963, 1967) have concluded that the rise in acid RNase 
activity in the supernatant of precancerous liver is the 
most consistent alteration in RNase activities. However, 
histochemical studies by Daoust and co-workers, on a 
wide variety of normal and cancerous tissues, suggest that 
tumours lack nucleases (Daoust and Cantero, 1959; Amano 
and Daoust, 1961; and particularly Daoust and Amano, 1963). 
Daoust and Amano (1963) suggest that the 6(0 chemical 
observations on the activity of RNases in tumours are due 
to the activity of necrotic regions or connective tissue; 
Gordon (1965b) reported immunofluorescence studies which 
supported this hypothesis. The presence of RNase in 
ascitic tumours such as Erlich ascites cells, has been
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ascribed to contamination by serum RNase (Barker and 
Pavlik, 1967). However, the highly purified ascites 
cells studied by Ambellan and Hollander (1966a) were 
found to contain RNases, and the RNase activity of cultured 
HeLa and other cells reported by Norman and Veomett (1961) 
did not appear to be due solely to activity in the medium, 
although the purity of the cultures was not specified.
Taken with the observations made in careful biochemical 
studies such as those of Wattiaux et al. (1970), it seems 
possible that the observations of Daoust and his 
colleagues are related to the limitations of the 
histochemical technique used, particularly with regard 
to control of pH and activity of RNase inhibitors.
Reid and Nodes (1959, 1963) suggested that 
some acid RNase is truly present in liver supernatant 
in vivo. As mentioned above (section C.3), Futai et al. 
(1969) claimed this to be distinct from that in lysosomes. 
Deckers-Passau et al. (1957) and Reid and Nodes (1963) 
demonstrated that feeding of carcinogenic azo-dyes led to 
a dramatic rise in supernatant activity, which was confirmed 
by Futai et al.(1969). Other carcinogens also seem to 
have similar effects (Reid, 1962; Roth et al., 1964).
Futai et al. (1969) showed that, at least for azo-dyes, 
this rise in acid RNase is due to appearance in the 
supernatant of the lysosomal enzyme, and not to increased 
levels of the supernatant enzyme. The question of the 
possible presence of the lysosomal enzyme in the 
cytosol in vivo, as raised by Nodes and Reid (1963), has
not been satisfactorily answered. The activity may 
represent enzyme released from lysosomes in vivo, or 
failure of newly-synthesised enzyme to be incorporated 
into lysosomes. It is also possible, given the 
heterogeneity of the lysosomal population (Rahman et al., 
1967; Rahman and Cerny, 1969; Burge and Hinton, 1971; 
and Burge, 1973) that the acid RNase-rich lysosomes become 
selectively labilised, leading to release of the enzyme 
on homogenisation. Burge (1973) found that azo-dye 
feeding led to the appearance of acid RNase, but not acid 
phosphatase, in significant amounts in the supernatant. 
Assay seems warranted of,e.g.,acid phosphodiesterase, 
which appears to be concentrated in the same 1 class1 of 
lysosomes as acid RNase (Burge, 1973), as an aid to 
differentiate between the various possible explanations.
No clear picture has emerged from the published 
observations on lysosomes in tumours. Allison and 
Malucci (1964) have suggested that release of enzymes 
from lysosomes damaged by carcinogens may be a significant 
step in the neoplastic process. Allison (196fl) 
demonstrated that damage to lysosomes predisposed cultured 
cells to malignant transformation, and Paton and Allison 
(1968) showed that chromosome breakage and translocation 
could be induced in cultured cells by addition of DNase 
and MgSO^. Presumably, the MgSO^ aided uptake of the 
DNase, which then entered the nuclei and damaged the DNA. 
It is conceivable that release of RNase from lysosomes 
could affect RNA metabolism by a similar process, leading
to a neoplastic transformation. However, Horvat and 
Toaster (1967) have demonstrated that in Erlich ascites 
cells, the lysosomes are denser and more stable than 
normal lysosomes. Whether this observation is also true 
of lysosomes in precancerous tissue, which would be more 
relevant, is not known.
Wattiaux et al. (1970), in an extensive and 
unusually thorough study, reported on the activity and 
distribution of 7 acid hydrolases of lysosomes. Six 
hepatoma lines, of varying growth rates, were used in the 
study. Acid RNase specific activity varied from about 
40% to about 80% that of normal liver ; the other enzymes 
generally varied between 50% and 150%. Many observations 
fell within similar limits to those for acid RNase. From
studies on subcellular distribution, and isopycnic  ^
centrifugation of lysosomal/mitochondrial fractions, it 
was concluded that the mean size of the lysosomes is 
larger in hepatomas than in normal liver. Density 
equilibrium studies were complicated by the observation 
that hepatoma lysosomes were more permeable to.sucrose 
than normal lysosomes. Observations on a rapidly-growing 
hepatoma suggested an increased stability of the 
lysosomal membranes, in agreement with the observations of 
Horvat and Touster (1967). In contrast to the results of 
Nodes and Reid (1963) and Roth et al. (1964), there is no 
dramatic rise in supernatant RNase activity, 13 to 21% of 
the total activity being detected in the cytosol. The 
similarity to control liver is ^ striking. In all cases,
the proportion of the total homogenate acid phosphatase 
in the supernatant was i to •§ that of acid RNase. The 
higher amount of acid RNase may be due to the contribution 
of the soluble acid RNase activity, and not to selective 
labilisation of lysosomes rich in acid RNase.
Considerable effort has been made to define 
alterations in nuclear RNase activity; as noted earlier 
for normal liver, isolation procedures have often been 
inadequate, rendering doubtful the significance of the 
results obtained. Chakravorty and Busch (1967a) compared 
the alkaline RNase activity in nuclear and sub-nuclear 
fractions from normal liver, regenerating liver and some 
tumours. Free, and total RNase activity after 
freeze-thawing or destruction of the inhibitor, were 
assayed at pH 7.4. In tumours, activity was lower than 
normal liver, the reverse being true in regenerating liver. 
Higher levels (4 to 7-fold) of inhibitor were found in 
tumours, relative to total alkaline RNase activity. Less 
?latent1 RNase activity was released by freeze-thawing, 
sonication or Triton X-100 treatment in tumour than in 
regenerating or normal liver. With rats fed 
thioacetamide, however, a marked decrease in supernatant 
RNase inhibitor was noted, free alkaline RNase activity 
being increased in nuclear, mitochondrial, microsomal 
and supernatant fractions; lysosomal fractions were 
unaltered (Chakravorty and Busch, 1967a, b). Villalobos 
et al. (1965) demonstrated that nuclear and nucleolar
RNase activity at pH 7.4 was increased 8 to 9-fold, 24 hr 
after treatment with thioacetamide; this increase could 
be partly inhibited by treatment with actinomycin D 
(Siebert et al., 1966). Altered patterns of release of 
*latent* RNase by sonication, pCMB or Triton X-100, were 
found when rats were pretreated with thioacetamide or 
Actinomycin D (Siebert et al., 1966).
A 5*-exonuclease specific for non-helical RNA 
has been described in nuclei from Erlich ascites cells 
and other malignant and normal mouse tissues (Lazarus 
and Sporn, 1967; Sporti et al., 1969). In normal liver 
the endonuclease/exonuclease ratio was 3:1, while in 
Erlich ascites cell nuclei, the ratio was 1:50. As the 
exonuclease may be involved in the degradation of 
rapidly-labelled RNA in the nucleus, these workers 
postulated that this excess of exonuclease may be 
responsible for the low protein content in many tumours 
(Lazarus and Sporn, 1967). However, extracts of embryo 
nuclei also showed a similar ratio to Erlich ascites and 
mammary tumour (Sporn et al., 1969). As embryonic tissue 
is highly active in protein synthesis, the hypothesis of 
Lazarus and Sporn (1967) would seem unjustified, although 
different compartment ali sat ion and control of the enzyme 
in the nucleus may well operate in the different tissues. 
To compare non-hepatic tumours with liver is particularly 
perilous (Reid, 1962, 1965).
Some reports have suggested that RNase activity
in microsomal fractions from hepatomas is considerably 
lower than that of normal liver microsomes; free RNase 
of ribosomes from livers of animals fed 
4-dimethylaminoazobenzene for 6 months was found to be 
zero (Arora and de Lamirande, 1968). This fall 
corresponded to a rise in RNase inhibitor levels.
Roth (1967), however, has produced data showing a rise 
in ribosomal RNase activity in hepatomas. Roth et al. 
(1964) reported a doubling in alkaline RNase specific 
activity in hepatoma microsomes, as compared to those from 
normal liver. However, as this is accompanied by a 
marked fall in protein content of the fraction, and as 
considerable amounts of alkaline RNase are present in the 
50% or so of the plasma membrane which sediments into 
hepatoma microsomal fraction (Norris, 1973), this may not 
represent a "functional change" as suggested by Roth erfc al. 
(1964) but merely reflect the decreased amount of 
endoplasmic reticulum in hepatomas.
de Lamirande (1967) reported that 5*-PDase 
activity in Novikoff ascites cells was only about 15% that 
found in liver in other studies (de Lamirande et al., 1967). 
This observation is difficult to explain; this enzyme now 
appears to be largely localised in the plasma membrane 
(e.g. Erecinska et al., 1969). The membrane alterations 
associated with conversion of hepatomas to ascites forms 
(e.g. Cookeet al., 1963) may well include a loss of certain 
enzyme activities. The different distribution pattern 
for 5*-PDase found by de Lamirande (1967) may also reflect
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alterations in the membrane, leading to a different 
subcellular distribution.
Some recent work (Chakravarty et aJL., 1970) 
merits mention from the point of view of viral 
carcinogenesis. They reported a dramatic (85-90%) fall 
in spleen RNase activity in the first 6 days following 
infection by Friend leukemia virus. RNase levels 
remained depressed, but DNase, which fell slightly during 
the first 3 days, rose to normal again thereafter. The 
bulk of the remaining RNase activity was located in the 
supernatant. RNA levels increased after the first 6 
days, notably in microsomal fraction. The authors 
suggested that the changes could be due to tumour formation 
or to virus synthesis. However, the changes in cell 
population which had been noted earlier by these authors 
(ChakraVarty ert al. , 1969) could also explain the results. 
Fort et al.(1969) suggested on histochemical evidence 
that nuclease activity in mucosal epithelia from different 
regions of the digestive tract was inversely correlated 
with the incidence of cancer in the different tissues ; 
however, the possibility of nuclease inhibitors being 
present in some tissues may argue against this. Also, 
spleen tissue is rich in nucleases but may still succumb 
to viral infection as detailed above. Yet the suggestion 
of Fort et al.(1969) is interesting, particularly in view 
of the possible role of plasma membrane RNase, as will be 
discussed later (Chapter IV).
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As noted by Reid (1962) and Roth (1963, 1967), 
no clear picture has emerged from the considerable amount 
of data published on RNases in tumours. The present 
author feels, like Morais and de Lamirande (1970), that 
determination of specific enzyme activities in 
well-characterised fractions is essential if any serious 
attempt is to be made to unravel the role of RNases in 
normal and cancerous tissue.
E. Alterations of the plasma membrane in neoplasia
The plasma membrane (p.m.) forms the barrier 
between the cell's interior and its environment. Inwards 
through the p.m. must pass all nutrients and outwards, all 
secreted and excreted material. The p.m. is also the 
site through which external regulators such as hormones 
or contact with other cells act on the cell. Hence any 
aberration in the p.m. of cancer cells may be an important, 
and possibly a primary event in the neoplastic process.
In the last fifteen years or so, there has been extensive 
study of the surfaces of normal and tumour cells 
(e.g. Coman, 1960; Abercrombie and Ambrose, 1962;
Sjogren, 1965; Emmelot and Benedetti, 1967; Wallach, 1969; 
Baldwin, 1973; Hakamori, 1973) and a number of differences 
have been noted. These may be categorised as follows:
1. Cellular contact alterations
2. Alterations in surface charge
3. Permeability changes
or
4. Immunological changes
5. Molecular changes
These will be discussed only briefly here, 
reference being made mainly to the reviews cited above.
1. Cellular contact alterations
(a) Alterations in intercellular adhesiveness
A decrease in intercellular binding and poor 
intercellular contact between the cells of solid tumours 
have been frequently observed (e.g. Coman, 1960; Emmelot 
and Benedetti, 1967; Wallach, 1969) ; but this seems 
unlikely to be a key step in carcinogenesis. Great 
variation has been noted and, at least in tissue-culture, 
some malignant cell lines are more mutually adhesive than 
the normal cells from which they derive (Halpern et al.,1966). 
As pointed out by Emmelot and Benedetti (1967) intercellular 
contact is generally inversely related to the mitotic index 
of the tumour cell population, and to the tendency of the 
tumour to metastasize.
(b) Loss of contact inhibition of cell movement and 
cell division
Possibly related to (a), above, this is a very
well-known aberration in neoplasia (e.g. Abercrombie and
Ambrose, 1962 ; Stoker, 1964). Whereas normal cells
growing in culture on a solid support eventually form an
immobile, confluent monolayer, tumour cells continue to
divide and to move, yielding a disorganised mass of mobile
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Stoker (1967a) has suggested that the change
responsible for this phenomenon is highly specific for a
given cell line. Based on the observation that some tumour
cells are inhibited by contact with normal cells or different
tumour cells, yet not by like cells, Stoker (1967a) argues
that contact inhibition requires both a transmitter and a
receptor mechanism and that the neoplastic cell, while
possessing receptor sites on the cell surface, is unable to
transmit an inhibitory * message* to cells of its own type.
(c) Alterations in electrical coupling and molecular 
transfer
There is substantial evidence that electrical 
connections, via ionic exchange, can occur between 
individual cells in various tissues (e.g. Loewenstein 
et al., 1965) including hepatocytes in normal and 
regenerating liver (Penn, 1966; Loewenstein and Penn, 1967). 
In hepatomas, however, Loewenstein and Kanno (?967) found 
no evidence for such coupling. Yet there appears to be 
little difference in electrical coupling between transformed 
and between normal cells in culture although the transformed 
cells lack contact inhibition (Furshpan and Potter, 1968).
Furshpan and Potter (1968) reported also that the 
transfer of fluoréscein-labelled protein between two murine 
cell lines was unaffected by transformation with oncogenic 
viruses. Interestingly, Stoker (1967b) showed that the 
defective nucleic acid metabolism of a mutant of a 
polyoma-converted mouse cell line could be permanently
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corrected by cell contact with wild-type cells. Supposedly, 
some undefined substance passed from the wild-type cells to 
the mutant during cell contact. Whether such putative 
regulatory substances have a role in the regulation of 
normal cells has yet to be established.
2. Alterations in surface charge
Many workers have considered that the interaction 
between cells is related to surface charge, and have 
attempted to demonstrate that alterations in cell-contact 
phenomena correlate with alterations in surface charge. 
However, as pointed out by Wallach (1969), no studies have 
been made correlating charge density, adhesiveness and contact 
inhibition. Controlled studies are too few to allow of 
generalisations, other than that electrophoretic mobility 
is often altered in neoplastic cells as compared to 
homologous normal cells. A number of workers (e.g. Forester 
et al., 1964) have suggested that the increased (net) 
surface charge of many neoplastic cells is due to an 
increased content of sialic acid (N-acetylneuraminic acid) 
in the p.m. However, as discussed by Wallach (1969) there 
is little support for this generalisation.
3. Permeability changes
Many observers have reported that transport of 
sugars, amino acids and other nutrients in tumours is
enhanced over normal tissues (e.g. Paul et al., 1966;
Foster and Pardee, 1969). However, Roman© and Colby (1973) 
suggested that the apparent enhancement of sugar uptake 
following Viral transformation of a mouse cell line was 
not due to an alteration in the transport properties of the 
p.m., but to enhanced metabolism of the sugar by intracellular 
enzymes. Few workers have considered such explanations for 
the observed enhancement of 'transport* phenomena, and thus 
claims for alterations of the transport mechanisms in the 
p.m. must be regarded with caution until such mechanisms 
are characterised and assessed.
There is substantial evidence that the p.m. of 
tumour cells may be 'permeable* to many normally 
intracellular enzymes, particularly acid (i.e. lysosomal) 
hydrolases (see review by Poole, 1973). It has been 
suggested that this phenomenom is closely related to the 
ability of many tumours to metastasize and to invade and 
destroy normal tissues (e.g. Carr, 1963; Weiss and 
Holyoke, 1969; Poole, 1973). While much of the appearance 
of many enzymes in the extracellular fluid of tumours may 
be ascribed to moribund or damaged tumour cells (and/or 
normal cells in invaded tissues), in vitro studies on a 
variety of malignant cells have shown that viable cells may 
release large amounts of enzymes, apparently by active 
secretion in some cases (see Poole, 1973). Little is 
known of the mechanisms by which this release might occur, 
and careful studies are called for. An understanding of
Hthese mechanisms would obviously have far-reaching 
implications for the treatment of cancer.
4. Immunological changes
Immunological changes of the p.m. associated 
with neoplasia may be considered in three groups, as 
follows :
(a) New antigens
Since the observation by Foley (1953) that 
tumours possess antigens which can elicit an immune response 
from the host, there have been extensive studies on the 
nature of these 'tumour-rejection' antigens, the immune 
response of the host, and of the possibility of developing 
immunotherapeutic approaches to cancer. While, at first, 
many subcellular fractions were thought to possess these 
antigens, it is now known that this was due to contamination 
of the fractions by fragments of the p.m., in which the 
antigens reside (e.g. Herberman and Stetson, 1965 ; Steck 
and Wallach, 1970). A wide variety of tumours, induced 
by viruses or chemical carcinogens, have been shown to 
possess transplantation antigens on the p.m. which are not 
present in the tissues of origin (e.g. Sjogren, 1965;
Baldwin, 1973). The new antigens produced by infection with 
oncogenic viruses tend to be specific for a given virus, 
regardless of the species or tissue of origin (e.g.Sjogren, 
1965) but are not necessarily due to virion proteins 
associated with the p.m. (Huebner, 1966).
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In contrast to the observations on viral tumours, 
the new antigens) of any given, chemically induced tumour 
tend to be specific for that tumour (e.g. Sjogren, 1965;
Baldwin, 1973) and do not cross-react immunologically with 
other tumours, even those induced by the same carcinogen at 
different sites in the same host (Kahan, 1973; Baldwin, 1973).
(b ) Embryonic antigens
Not all of the tumour antigens detected on the 
surface of neoplastic cells represent entirely new antigenic 
components. Antigens normally present in embryonic cells, 
but not in neonatal or mature tissues, have been detected 
in tumours induced by viruses (e.g. O'Neill, 1968;
Baldwin, 1973) and by chemical carcinogens (Baldwin, 1973). 
However, Baldwin (1973) has argued that the embryonic 
antigens in rat hepatomas and sarcomas are present in the 
cytosol, rather than on the p.m. to any marked extent.
Unlike certain viral tumours, chemically induced tumours 
seem to be weakly and inconsistently rejected by animals 
immunized with irradiated syngeneic embryo cells 
(Baldwin, 1973). It would thus appear that, at least in 
the case for chemically induced tumours, the tumour rejection 
antigens are not embryonic antigens.
(c) Antigen deletions
Neoplastic transformation may be accompanied by 
the loss of certain organ-specific antigens. This has 
been extensively studied in hepatomas (Abeleyf, 1965;
Baldwin, 1973). While many of these deleted antigens 
are intracellular, rather than p.m. components of normal 
tissues, there is evidence that some p.m. antigens are lost
during carcinogenesis (Baldwin, 1973). Baldwin (1973) 
suggests that this loss of normal p.m. antigens may be 
causally related to the appearance of tumour-specific 
antigens, but it has not been established that these 
1 deleted1 antigens are truly lost from the p.m.; it is 
possible that the antigens may simply be located at some 
site in the p.m. of tumour cells which is inaccessible to 
antibodies.
As for much of the data briefly summarised in the 
previous paragraphs, the immunological alterations of the 
p.m. have been determined by studies on whole tumours or 
cultured cells,or on very impure 'membrane* fractions 
(e.g. Baldwin and Glaves, 1972). While purified p.m. 
fractions may be of little use in immunotherapy (Baldwin 
and Glaves, 1972; Baldwin, 1973), there is clearly a heed 
for detailed studies on the p.m. of tumours, as opposed 
to studies on whole tumours or cultured cells. For 
example, the 'deletion' of certain p.m. antigens may be of 
great relevance to the poor intercellular contact observed 
in many tumours. The lack of studies correlating the 
observed biological and immunological abnormalities of solid 
tumours with specific molecular changes in the p.m. may be 
directly ascribed to the paucity of methods for the 
isolation of p.m. fragments from solid tumours (see section 
.F? ' below). However, as summarised in the next paragraph, 
studies on the p.m. of cultured cells have revealed 
molecular alterations associated with neoplasia which may
be essential steps in the process of malignant 
transformation, and which may provide a basis for the 
understanding of the causes for the biological abnormalities 
of tumour cell p.m.
5. Molecular changes
There is now strong evidence that certain 
properties of tumour cell p.m., such as altered antigenicity 
and loss of contact inhibitability, are related to 
alterations in the structure and function of membrane-bound 
glycoproteins, glycolipids and the enzymes of their 
metabolism.
In a recent, comprehensive review Hakomori (1973) 
has intemised a number of molecular alterations in the p.m. 
of tumour cell lines, including:
(i) changes in glycolipid composition, often related to 
blocked synthesis of glycolipids;
(ii) changes in glycoprotein composition, similarly related 
to blocked synthesis and to alterations in the levels of,
e .g .^sialyltransferases ;
(iii) changes in the reactivity of surface carbohydrate 
residues to a variety of agents^e.g. antiglycolipid 
antibodies, agglutinins and glycosylhydrolases;
(iv) changes in surface sugar composition, as determined 
by j e .g .^ treatment with galactose oxidase followed by 
tritiated sodium borohydride;
(v) reduced stimulation by cell contact of glycolipid 
synthesis, and glycolipid levels in p.m. (see below).
While the possible role of these alterations in 
the neoplastic process has yet to be established, certain 
interesting observations have been made. In normal cells, 
cell contact is accompanied by an increase of glycolipid 
synthesis and accumulation of glycolipids in membranes, while 
in some transformed cells no alteration occurs on cell 
contact (Sakiyama et al., 1973; Hakamori, 1973). Further, 
glycosyltransferases on the p.m. have been implicated in 
the mechanism(s) of intercellular binding (e.g. Roth et al., 
1971). Specific glycosyltransferases on one cell surface 
may bind facceptor* molecules on an adjoining cell surface, 
subsequent glycosylation leading to the formation of 
intercellular bonds (see Roth et al., 1971; Roseman, 1971). 
Also, enzymatic alterations of carbohydrate moieties on one 
cell by enzymes on another may conceivably be extremely 
important in, e.g., contact inhibition (cf. Stoker, 1967a). 
Thus, deletion of certain glycolipids, glycoproteins or 
their related enzymes from the p.m. of neoplastic cells 
could not only explain many of the observed biological 
abnormalities of such cells, but could be essential steps 
in the neoplastic process (see Hakomori, 1973).
F . General methods for the isolation of p.m. fragments 
from normal and neoplastic tissues
The isolation of p.m. fractions from animal cells, 
either in culture (normal and neoplastic cells) or from 
solid tissues (mainly normal tissues) has been the subject
of several recent, extensive reviews (Steck and Wallach,
1970 ; Eylar and Hagopian, 1971; Warren and Click, 1971; 
Hinton, 1972; j)6Pierre and Karnovsky, 1973). In the 
present discussion, only general principles will be 
considered, with citation of representative publications 
for the major techniques.
In contrast to the procedures for the isolation 
of most subcellular organelles, where the aim is to obtain 
a particular component intact and undamaged, the p.m. must 
first be broken in order to release its contents. Thus, 
the first consideration is the size of the fragments after 
homogenisation. In the case of tissues such as liver, 
where the cells are tightly bound to each other by 
specialised complexes, mild homogenisation liberates a 
substantial proportion of the p.m. in the form of large 
sheets deriving from several adjacent cells (e.g. Hinton 
et al., 1970) which sediment into crude nuclear fraction.
As judged by 5 1-nucleotidase activity in the case of liver, 
about half of the p.m. sediments in this manner, while the 
remainder is fragmented to vesicles and is recovered in 
the microsomal fraction (El-Aaser and Reid, 1969).
1. Separation of large sheets of p.m.
The majority of procedures for the isolation of 
p.m. fragments from solid tissues hinge on the separation 
of the large sheets of membrane from crude nuclear fraction.
The procedure of Neville (1960), as modified by Emmelot 
and his colleagues (e.g. Emmelot et al., 1964) has been 
most widely used. Essentially, the technique consists of 
gentle homogenisation in strongly hypotonic solutions 
(usually ImM NaHC0o) followed by repeated washings of the 
nuclear pellet and finally one or more flotation steps in 
discontinuous sucrose gradients. Certain pertinent 
comments may be made here. Firstly, strongly hypotonic 
solutions are required in order to lyse the erythrocytes 
which otherwise aggregate the membranes (see Results,
Chapter III, and, e.g., Hinton et al., 1970). However, 
such solutions result in disruption of nuclei, mitochondria 
and lysosomes, with the concomitant problems of 
redistribution of enzymes and other components which may 
adsorb to the p.m. or, as in the case of lysosomal 
hydrolases, may degrade p.m. constituents (Kraemer, 1971). 
Secondly, nuclear lysis may result in the formation of an 
intractable gel, from which no further separation is 
possible. Thirdly, hypotonic solutions prohibit the 
isolation of other organelles in an intact state.
A better procedure for the removal of erythrocytes 
is by perfusion of the liver (or other tissue, where 
perfusion is possible) in situ (e.g. Coleman et al., 1967; 
Hinton et al., 1970), allowing subsequent homogenisation 
in isotonic solutions. This circumvents problems associated 
with the disruption of other organelles, which latter may 
be isolated by conventional procedures from the same 
homogenate. However, in most tumours perfusion is
impossible, due to poor vascularisation. Thus, in spite 
of the disadvantages, Emmelot and his colleagues 
(Emmelot and Benedetti, 1967; Emmelot and Bos, 1969^ had 
recourse to very hypotonic solutions for the isolation of 
p.m. from hepatomas. There are two further problems 
encountered with hepatoma, however. The first is that the 
nuclei of many tumour cells are extremely fragile, and 
nucleoprotein gels may vitiate separations from homogenates 
prepared in hypotonic solutions (e.g. Davydova, 1968; and 
the present author’s results, Chapter III) even when these 
media are fortified with CaCl as suggested by Emmelot and 
his colleagues (see above).
The second problem is that the weak intercellular 
bonds in many tumours result in the tissue initially 
dispersing into single cells on homogenisation. Subsequent 
disruption yields small sheets and vesicles. Presumably, 
the smaller size of the p.m. sheets from hepatomas was the 
reason for Emmelot and Benedetti (1967) applying 
substantially higher centrifugal forces to pellet the 
membranes from hepatomas than for liver. It is interesting 
to note that Marinetti and Gray (1967) found that the p.m. 
of dispersed liver cells sedimented into the mitochondrial 
fraction, rather than the nuclear fraction, after 
homogenisation.
When cultured cells are studied, erythrocytes 
are not, of course, a problem. Here, the main problem is
?<?
of breaking cells in some controlled manner. Three 
approaches have been used. Firstly, 'mild' homogenisation 
by osmotic lysis and/or use of a Dounce homogeniser 
(e.g. Eylar and Hagopian, 1971) has been employed to release 
free * ghosts * which may then be recovered from low-speed 
pellets. However, hypotonic solutions can cause extensive 
nuclear lysis in cultured or ascitic cells (e.g. Davydova 
1968; Wolf and Avis, 1970) resulting in gross aggregation.
The second approach involves toughening the 
membranes by pretreatment with? e.g., ZnCl^ or fluorescein 
mercuric acetate (jFMa ‘) (Warren and Click, 1971) and has 
been used in many studies on the chemical composition of 
normal and neoplastic cells in culture. However, such 
fixation procedures result in the destruction of many 
enzymes, preventing quantitative assessments of the purity 
of the p.m. preparations. In view of the success of other 
workers in isolating intact 'ghosts' by less drastic 
procedures, the need for prior fixation of the p.m. is 
highly questionable.
Thirdly, the p.m. may be converted to vesicles 
by vigorous disruption in isotonic solutions, as exemplified 
by the approach of Wallach and his colleagues (Steck and 
Wallach, 1970j.Kamat and Wallach, 1965). The subsequent 
separation of these vesicles from the microsomal fraction 
is considered in below.
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As mentioned above, most methods for the isolation 
of p.m. sheets from low-speed pellets involve repeated 
cycles of homogenisation and sedimentation (e.g. Emmelot 
et al., 1965). This, however, may result in the loss of 
considerable amounts of p.m. by trapping in nuclear 
aggregates or by fragmentation to vesicles. Use of zonal 
rotors can give highly purified p.m. preparations from 
crude nuclear fractions with a substantial reduction in the 
number of manipulations (e.g. Hinton et al., 1970;
Evans, 1970). Further, as shown in the present study, 
the continuous 'scan' of enzyme distributions which zonal 
rotors allow facilitates the assessment of the sources of 
contamination and the localisation of different enzymes 
in particular organelles.
2. Isolation of p.m. vesicles from the microsomal fraction
While the combination of large size with low
density of p.m. sheets facilitates their isolation, providing
aggregation problems can be circumvented, p.m. vesicles 
have very similar properties to vesicles deriving from 
other organelles. The difficulty of separating such 
vesiculated p.m. from microsomal fractions has thus led to 
procedures which hinge on selectively modifying the 
density of some of the vesicles. Kamat and Wallach (1965)
systematically studied the properties of p.m. and
endoplasmic reticttlum vesicles in different media, notably 
in Ficoll-containing gradients. They were then able to 
exploit alterations in the density relationships of the
different vesicles in such gradients to isolate p.m.
vesicles from Erlich ascites cells (see also Steck and
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Wallach, 1970; Amar-C(^tesec et al. , 1969).
Flotation in sucrose gradients has also been 
employed to accentuate the difference in the density of 
hepatic p.m. vesicles from those deriving from other 
organelles (e.g. Hinton et al., 1971; Norris, 1973;
Touster et al., 1970) with varying success. Touster et al. 
(1970) obtained a highly purified p.m. fraction from 
microsomes by such a procedure but, as discussed in section A.1 
of Chapter IV, the product is almost certainly not 
representative of the general population of p.m. vesicles 
(Norris et, al. , 1974) .
Similar problems of subfractionation were also 
encountered in our laboratory when lead ions were employed 
to selectively increase the density of endoplasmic 
reticulum fragments (Norris et al., 1974; Norris, 1973). 
Interestingly, such subfractionation was not apparent when 
p.m. vesicles were isolated by the lead technique from 
microsomal fractions of hepatomas(Norris, 1973). This will 
be considered further in Chapter IV (Section B .2).
In general, most observers have preferred to 
isolate p.m. fragments in the form of sheets, rather than 
as vesicles. This is not only because of the difficulty 
of adequately subfractionating microsomal fractions, but
probably also due to the regrettable reliance on 
morphological identification shown by many workers. As 
discussed above, the isolation of p.m. sheets from hepatomas 
presents problems which are much less readily overcome than 
with normal liver, viz. nuclear lysis, aggregation with 
erythrocytes and the small size of the membrane sheets.
How these were circumvented in the present study is 
described later in this thesis (Chapter III).
G . Biochemical markers for subcellular organelles
Much of the work described in this thesis hinged 
on the use of biochemical criteria (i.e. enzyme assays) to 
identify different subcellular organelles. Such criteria 
rest upon the two postulates put forward by de Duve et al. 
(1955) as a basis for interpreting the results of enzyme 
distribution studies in cell fractionation experiments.
The first postulate was that each enzyme has a unique location 
in a specific cell component. The second was that the 
population of a given subcellular component is enzymically 
homogenous or at least cannot be separated by centrifugation 
into subgroups differing appreciably in enzymic content.
Thus if these postulates are true for a given enzyme in a 
specific organelle, then the amount of this *marker* enzyme 
is a valid measure of the amount of the organelle in a 
sub-cellular fraction. The validity of these postulates 
and the use of marker enzymes in tissue fractionation 
studies have been the subject of several recent reviews 
(e.g. Hinton, 1970; Reid, 1971b; and articles in Roodyn?1967 )
and have received extensive consideration in the context 
of the isolation of p.m. (e.g. Steck and Wallach, 1970; 
Solyom and Trams, 1972; ÆePierre and Karnovsky, 1973).
In the present discussion, the evidence for the validity of 
the marker enzymes used in the present study are briefly 
summarised below, citation being made either of the review 
articles (see above) or to recent publications which may be 
used to trace references. Detailed discussions of certain 
topics are presented in Chapter IV of this thesis.
The enzymes used in this study as markers for 
specific organelles were: (i) 5*-nucleotidase for p.m. 
fragments ; (ii) glucose-6-phosphatase for endoplasmic 
reticulum; (iii) acid phosphatase for lysosomes;
(iv) succinate dehydrogenase for mitochondria.
(i) 5*-Nucleotidase The activity of this enzyme 
exhibits a bimodal distribution in 'classical' differential 
centrifugation, being almost equally divided between the 
microsomal and crude nuclear fractions (e.g. de Lamirande 
et al., 1958). The activity in crude nuclear fractions has 
been shown by cytochemical techniques to reside in large 
sheets of p.m. (e.g. El-Aaser et al., 1973) confirming 
earlier biochemical observations (Emmelot et al., 1964). 
Histochemical and cytochemical studies on whole tissue 
have shown that 5 1-nucleotidase activity is in the p.m. of 
the hepatic cell (Essner et al., 1958; El-Aaser, 1965).
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It has proved more difficult to demonstrate that 
the 5 1-nucleotidase-containing fragments in the microsomal 
fraction derive from the p.m. Biochemical studies have 
shown that the 5 f-nucleotidase and glucose-6-phosphatase 
activities were in two distinct populations of vesicles 
(El-Aaser et al., 1966; Norris, 1973, inter alia). These 
results have been confirmed by cytochemical observations 
onbmicrosomal fractions (El-Aaser _et al. , 1973). However, 
Widnell (1972) reported cytochemical and biochemical 
observations which indicated the presence of a small 
amount (less than 10% of the total activity of the cell) 
of 5 1-nucleotidase in rough endoplasmic reticulum vesicles. 
However, as some subfractions of p.m. have a density very 
like that of rough endoplasmic reticulum viz. 1,21 
(Evans, 1970), one may explain the findings of Widnell (1972) 
as being due to p.m. contamination of his rough membrane 
fractions.
A small amount of 5 1-nucleotidase activity is 
always found in the 1 soluble1 fraction, and is probably due 
to several enzymes (Fritzson, 1968; cf. Solyom and Trams, 
1972). However, it is probably safe to assume that this 
1 soluble1 activity need not be taken into account when 
ascribing 3'-nucleotidase activity in particulate fractions 
to the presence of p.m. fragments. This assumption, 
however, cannot be made in the case of the 5 1-nucleotidase 
activity in lysosomes and/or lysosomal membranes 
(e.g. Kaulen et al., 1970) unless this activity is inhibited
gr
by inclusion of Na (+)tartrate in the assay medium 
(El-Aaser and Reid, 1969; Kaulen et al., 1970; cf. the 
present author's observations on hepatomas, Chapter III).
(ii) Glucose-6-phosphatase The concentration of 
the activity of this enzyme in the microsomal fraction has 
long been known (e.g. de Duve et al., 1955). More recently 
its location in endoplasmic reticulum membranes has been 
shown cytochemically (see Reid, 1967). The activity of 
rough and smooth membranes is little different whether 
assessed by fractionation (Dallner, 1963) or cytochemically 
(Orrhenius and Ericson, 1966), and thus glucose-6-phosphatase 
is a useful marker for cytomembrane fragments. In liver, 
the tartrate-sensitive glucose-6-phosphatase activity of 
lysosomal membranes (but not intact lysosomes) (Kaulen
et al. , 1970) cannot be more than a very small proportion 
of the total cellular activity.
(iii) Acid phosphatase With ^ -glycerophosphate 
as substrate, this enzyme was long ago located by 
cytochemistry in bodies bounded by a single membrane 
(Novikoff, 1961; Straus, 1967) which were later the subject 
of the classic studies by de Duve and his colleagues who 
named the particles "lysosomes” (see de Duve et al., 1955). 
The use of acid phosphatase as a marker for lysosomes thus 
requires little justification.
(iv) Succinate dehydrogenase As mentioned by 
de Duve (1967), the use of succinate dehydrogenase as a
marker for mitochondria is extremely well established.
The convenient use of a dye (INT) as acceptor in assays of 
this enzyme was described by Pennington (1961) although 
the specificity of the reaction is not proven. However, 
it may be noted that Katzoff and Hanker (1967) used an 
osmiophilic tétrazolium dye in the cytochemical localisation 
of succinate dehydrogenase in heart mitochondria.
In conclusion, it should be pointed out that 
almost all of the observations summarized above derive from 
studies on liver, and do not necessarily hold true for 
other tissues (cf. Reid, 1967, 1971b). Indeed, as described 
in Chapter III of this thesis, markers established for 
liver are not necessarily valid also for hepatomaszunder 
standard assay conditions.
Aims of the present study
Early in the course of the work described in 
this thesis, evidence was being accumulated by colleagues 
in Dr. Reid's group which indicated that a significant 
proportion of the alkaline PDase, and of the particulate 
RNase, activities were located in the p.m. Norris (1973), 
studying p.m. fragments isolated from the microsomal 
fraction, found both enzymes to be optimally active 
between pH 7.4 and 7.8; the RNase was about 50% more
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active in the presence of 5mM Mg than in the presence 
of 5mM EDTA. Burge (1973), studying p.m. fractions as 
isolated by zonal centrifugation of the nuclear fraction 
(Hinton et al., 1970) found only about 10% activation by 
2. 5mM Mg2"1" vs. 2 . 5mM EDT A. Further discrepancies arose 
when PDase activation was studied; using
bis(p—nitrophenyl)phosphate as substrate, Norris found a 
4-fold activation by 5mM Mg2"1" vs. 5mM EDTA; yet Burge
found a 15-fold activation by Mg2 . However, subsequent
comparisons revealed no substantial differences between the
two preparations (Norris et_ al. , 1971) in either pH optima 
2+or Mg activation.
The author's immediate aim was to determine 
whether p.m. sheets as present in the crude nuclear fraction 
possessed distinctive RNase and PDase activities, and to 
investigate the possibility that the activities against RNA 
and bis(p-nitrophenyl)phosphate were due to the same enzyme.
(Studies on the vesiculated p.m. of the microsomal fraction 
were already being carried out by K.A.Norris).
In view of the confused state of the literature 
on RNase levels in tumours it was of interest to compare 
the activity of the liver p.m. with that of hepatoma. As 
discussed in section F of this Chapter, there were few 
reports of the isolation of p.m. from solid hepatomas. 
Consequently, considerable effort was devoted to the 
development of methods for the isolation of hepatoma p.m.
As will be described, a number of problems were encountered 
which do not occur, or may readily be circumvented, when 
normal liver is used, and also seem not to occur when 
cultured or ascitic cells are studied.
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CHAPTER II MATERIALS AND METHODS
A. Materials
Unless otherwise stated, all chemicals were 
analytical grade, obtained from BDH Chemicals, Ltd.,
Koch Light Ltd., or Hopkin and Williams Ltd. All media 
were prepared in distilled water. All pH measurements 
were made at the temperature of use for the particular 
solution, e.g. 37° for enzyme assay buffers.
AMP (adenosine-51-monophosphoric acid), G6P 
(glucose-6-phosphate, dibarium salt], INT (2- (p-iodophenyl)- 
3 (p-nitrophenyl)-5-phenyltetrazolium chloride] and DMG 
^,^-dimethylglutaric acid] were obtained from Koch-Light 
Ltd. Sodium ^ -glycerophosphate, bis(p-nitrophenyl)- 
phosphate, (disodium salt) and Bicine [ N,N-bis-(2- 
hydroxyethyl)glycine J  were obtained from BDH Chemicals,
Ltd. *Trizma* grade Tris |[tris(hydroxymethyl)aminomethane] , 
Triton X-10Q, Norit ,A I activated charcoal, and bovine 
serum albumin (Cohn Fraction IV) were obtained from Sigma 
Chemicals Ltd; some batches of bis(p-nitrophenyl)phosphate 
were also obtained from Sigma. Various sources, viz.
Koch Light, Ltd., Sigma, Ltd., BDH Chemicals, Ltd. and 
Calbiochem, Ltd. supplied p-nitrophenyl phosphate 
(disodium salt). The substrate supplied by Sigma,Ltd. 
was used in the majority of experiments.
qo
•Mineral water• sucrose, obtained from Tate and 
Lyle, Ltd.,was used in the majority of experiments.
Sometimes the 2M stock solution, routinely kept at 4°, 
was pretreated with Norit ’A 1 according to the method of 
Steele and Busch (1967), to remove traces of ribonuclease 
(Steele and Busch, 1967) and other contaminants (Hinton 
et al.,1969). Limited use was made of •AnalaR* grade 
sucrose, obtained from BDH Chemicals, Ltd.
Two batches of RNA were used. In the majority 
of experiments, a purified yeast RNA sample (kindly 
supplied by Dr. K.A.Norris) was used; Torula yeast RNA 
type VI (Sigma, Ltd.) was purified by extraction with 
phenol and sodium dodecyl sulphate as described by 
Mullock et al. (1971). Low-molecular-weight contaminants 
were removed by diafiltration, using a Diaflo UM-10 
Membrane (Amicon, Ltd., Oosterhout, The Netherlands).
Gel filtration indicated that most of the RNA in this 
preparation was at least 30 nucleotides long (Burge,
M.L.E., unpublished experiments). Some later 
experiments were made with a preparation of purified RNA,
Torula yeast RNA grade ’B* (20-30,000 molecular weight) 
from Calbiochem, Ltd. In the Results, Chapter III, 
the purified yeast RNA sample provided by Dr. Norris is 
simply referred to as ’yeast RNA’. The commercial 
preparation is referred to as ’Calbiochem RNA’.
B, Animals and tumours
Male hooded rats of the University of Surrey’s 
strain were used in these investigations. The 
hepatomas were transplants from primaries induced, by 
Drs. E.Reid and B.M.Mullock, by feeding L-ethionine to 
male rats (Reid, 1970). The majority of experiments 
were on subcutaneous transplants, but a few experiments 
were carried out on tissue transplanted int r aper itone ally 
to likewise give a solid mass. Transplants from the 
first to sixteenth generations, mainly of subline WDB, 
were used. The glucose-6-phosphatase activity of this 
tumour was initially about 60% that of liver, on a 
weight basis, with a generation time of about 12-14 
weeks. Alterations in generation time and enzyme 
activities occurred during the course of these studies ; 
these are described under the Results, Chapter III.
Also, a few experiments were carried out using a much 
more rapidly growing transplanted hepatoma, subline UA. 
The transplants used were of the 116th and 117th 
generations. This subline had a generation time of 
about 3 weeks and a glucose-6-phosphatase activity about 
20% that of normal liver.
C. Chemical estimations
1» Phosphate
Inorganic phosphate was assayed by the method
of Lowry and Lopez (1946 ) as adapted for the continuous- 
flow Analyser (Marzban and Hinton, 1970). The auto- 
analyser system used in these studies consisted of an 
electronically timed sampler (Central Ignition Co.Ltd.) 
which permitted independent variation of sample and wash 
times; a Technicon proportioning pump and heating bath; 
and a Vitatron colorimeter (Fisons, Ltd.). The results 
were recorded on a Heath EU-203 or a Smiths Servoscribe 
recorder. Tubing was obtained from either Technicon,
Ltd. or Portex, Ltd. For phosphate estimations,
36-second sample and wash times were used (Hinton and Norris, 
1972). The relationship between absorbance at 720nm 
was perfectly linear up to concentrations of 2 jig 
phosphate/ml of sample (Marzban and Hinton, 1970).
2. Protein
Protein was assayed by the method of Lowry 
et al.(1951) as adapted for the continuous flow analyser 
(Schuel and Schuel, 1968) and modified to include a 
preliminary digestion (Hinton and Norris, 1972). The 
standard curves, obtained using bovine serum albumin 
as standard, showed the usual fall-off at high protein 
concentrations and interference by sucrose, as described 
by Hinton and Norris (1972) and Hinton et al.(1969).
An unexpected problem occurred when an attempt 
was made to assay protein in the presence of Triton X-100: 
a yellow-green precipitate formed immediately on addition
S3
of the Folin-Ciocalteau reagent. This could be
circumvented by recourse to the manual variant of the 
assay of Lowry et al.(1951). Valid results were 
obtained if the mixing of the Folin was sufficiently rapid 
on addition to the reaction mixture, and the samples 
centrifuged to remove the precipitate before reading.
As the samples to be assayed contained 0.1M Tris-HCl, 
pH 8.8, 1 control1 standards were prepared in this 
buffer, which interferes in the assay (Hinton et al., 
1969). 'Experimental* standards were prepared in 1% 
Triton X—100, 0.1M Tris-HCl, pH 8.8. Aliquots of 
0.5ml were digested for 20 minutes at 37° with an equal 
volume of N NaOH. 5ml of freshly prepared copper reagent 
(0.1% CuSO^.SH^O, 0.2% Na/K tartrate in 2% Na^CO^) were 
added and the mixture left to stand for 15 min. 0.5ml 
of Folin and Ciocalteau's reagent (freshly diluted with 
2 volumes of water) was added to each tube whilst it 
was held on a 'Whirlimix* (Fison's, Ltd.). After 
standing at room temperature for at least 30 min, the 
samples were centrifuged at 2000g for 10 min in a 
Mistral 6L centrifuge (MSB, Ltd., Crawley) to remove 
the precipitate in the samples containing Triton X-100. 
Finally, the absorbance at 720nm was measured. As can 
be seen in Fig.II.1, there is no significant difference 
between the two sets of standards. Blanks to correct 
for the effects of sucrose and Tris (Hinton et al.,1969) 
were routinely included in all assays.
ZOO 400
Bourne Sérum a lb u tva h ^ j jm ffH
Fig. II.' 1 .
Linearity of the assay of protein by a manual vkriant 
of the Lowry procedure in the presence of Triton X-100. 
o ; standards prepared in 0.1M Tris-HCl, pH 8.8. 
x; standards prepared in 1% Triton X-100, 0.1M 
Tris-HCl pH 8.8.
I
Dt Enzyme estimations
The assay systems used in these studies were 
the standard procedures in this laboratory, and no 
independent checks of linearity, etc., were made. In 
all assays, substrate and tissue blanks were run in 
parallel with expérimentais.
1»Enzymes releasing inorganic phosphate
The basic assay system used was the same for all 
these enzymes. An aliquot (0.5ml) of tissue suspension, 
or of a suitable dilution, was mixed with 0.4ml of a 
mixture of buffer and activating ions or inhibitors. The 
reaction was started by the addition of 0.1ml of the 
appropriate substrate followed by mixing on a *Whirlimix* 
(Fisons, Ltd.). After incubation at 37° for 10 to 90 
min, the reaction was stopped by the addition of 1.5ml 
of 6% trichloracetic acid (TCA). After centrifugation 
to remove denatured protein, the released inorganic 
phosphate in the supernatant was estimated as described 
above.
Conditions for assays
All concentrations are given as initial
concentrations.
£a) 5 1 -nucleotidase (Hinton et al. , 1969)
The substrate was 0.05M AMP, pH 7.8. Initially, 
the buffer was 0.25M Tris-HCl, pH 7.8, containing 12.5mM
MgCl^• This proved unsuitable because of the possibility 
of interference by non-specific phosphatase activity, as 
noticed in some early experiments with tumours (see 
Results, Chapter III) and the assay was modified by the 
inclusion of 25mM Na(+) tartrate in the buffer (El-Aaser 
and Reid, 1969).
(f>) Glucose-6-phosphatase (Hinton et al. , 1969)
The substrate used was 0.05M G6P, pH 6.5.
The buffer was 0.3M DMG, pH 6.5, containing 25mM EOTA.
In some experiments, various inhibitors were included in 
the buffer to give concentrations described in the Results, 
Chapter III.
(c) Acid phosphatase
The assay was normally carried out as described 
by Hinton et al.(1969). The substrate was 1M sodium 
^-glycerophosphate, pH 5.0, and the buffer was 0.3M sodium 
acetate, pH 5.0. The tissue, admixed with the buffer, 
was freeze-thawed 8 times before assay. The diluted 
tissue was sometimes stored for short periods at -10° 
before freeze-thawing and assay. In some early 
experiments, 0.01% Triton X—100 was included in the assay 
medium as an alternative to freeze-thawing (Hinton and 
Norris, 1972). While this was perfectly satisfactory with 
normal liver, provided the Triton solution was freshly 
prepared and the estimation completed the same day, 
turbidity was sometimes encountered when assaying material 
from hepatomas. This seemed to be due to the greatly 
increased lipid content of the tumours. The procedure 
was therefore discontinued.
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(cO Alkaline ^ g-qlycerophosphatase (Hinton, 1970)
The substrate was 0.1M Na ^ -glycerophosphate, 
pH 9.6. The buffer was 0.3M glycine-NaOH, pH 9.6.
In some experiments, inhibitors were added, the 
concentrations being described in the Results, Chapter 
III.
2, Enzymes releasing p-nitrophenol
p-Nitrophenyl phosphatases and 
bis(p-nitrophenyl)phosphodiesterases were generally 
assayed by the automated method of Hinton and Norris
(1972). One-minute sample and wash times were used.
2+It was found that when Mg -activated enzymes were 
studied, a better baseline could be obtained by increasing 
the concentration of EDTA in the NaOH from 0.15M 
(Hinton and Norris, 1972) to 0.25M, further reducing 
the formation of Mg(OH)2 precipitate. ’AnalaR1 grade 
EDTA gave better results than laboratory reagent grade, 
as the latter tended to form a precipitate, presumably 
of some contaminant, on standing in the NaOH. The 
concentration of EDTA in the NaOH could be increased 
further, but the EDTA then tended to come out of 
solution when the NaOH was mixed into the assay stream 
and diluted. The concentration of MgCl^ or EDTA 
fed into the activator line was 40mM, which gave a 
concentration of 5-6mM in the assay medium. Substrate 
concentrations were 0.05M p-nitrophenyl phosphate for 
phosphatases, and 0.01M bis(p-nitrophenyl)phosphate for
phosphodiesterases. Buffers used were 0.25M Tris-HCl, 
pH 8.7, for alkaline activities and 0.3M sodium acetate, 
pH 5.0, containing 0.2% Triton X-100 for acid activities.
In some experiments, an equivalent manual 
assay was used, so that the Mg24" or EDTA concentrations 
were accurately known. In this procedure, 1ml of 
0.25M Tris-HCl, Bicine-HCl, glycine-NaOH, or 0.3M DMG, 
of the appropriate pH, was mixed with 0.2ml of MgCl^ 
of EDTA and 0.5ml of an appropriate tissue suspension.
The reaction was started by the addition of 0.3ml of 
0.01M bis(g-nitrophenyl)phosphate or 0.05M p-nitrophenyl 
phosphate. After incubation at 37° for 30 to 60 min, 
the reaction was stopped by the addition of 2ml of
0.25M NaOH. Any insoluble protein was spun down, and 
the clear supernatants were read at 400nm in a 
Pye-Unicam SP500 Mk II spectrophotometer. Standards 
of p-nitrophenol, tissue blanks, and substrate blanks 
were run in parallel with the expérimentais.
3t Ribonucleases
Ribonuclease activity was assayed by an 
adaption of the method used by de Duve et al.(1955) 
for acid ribonuclease. An aliquot (Q.5ml) of an 
appropriate tissue dilution was mixed with 0.4ml of a 
mixture containing buffer and activator, and the 
reaction started by the addition of 0.1ml of a 10mg/ml 
solution of RNA. Linearity of the assay for this
concentration of RNA was determined by Dr.K.A.Norris (1974). 
After vigorous mixing on a 1Whirlimix* (Fisons, Ltd.) 
the tubes were incubated at 37° for periods ranging from 
31 to 61 min. To allow of correction for acid-soluble 
material in the sample or substrate, blanks were 
included where the assay medium including the tissue was 
incubated for only 1 min at 37° before terminating the 
reaction. The reaction was terminated by the addition 
of 1.5ml of ice-cold 10% PCA containing 0.25% uranyl 
acetate, use being made of an automatic dispenser 
(Quickfit and Quartz, Ltd.) to improve reproducibility.
After standing for 20 min at 0°, the precipitated 
protein and RNA were spun down in a Mistral 6L 
refrigerated centrifuge (MSB Ltd) at 0°. The 
supernatants were decanted in toto and diluted with at 
least an equal volume of distilled water. The absorbance 
of the samples was then measured at 260nm using a 
Pye-Unicam SP500 Mk.II spectrophotometer. Assays
were always performed at least in duplicate, and in 
the case of samples containing aggregated material, such 
as homogenates or nuclear fractions, at least in 
triplicate. A blank with water instead of tissue 
was incubated in parallel with the expérimentais to check 
for any degradation of the RNA caused by traces of 
ribonucleases in the substrate or buffer.
The buffers used were 0.075M Tris-HCl, 0.075M 
glycine-NaOH, 0.075M Bicine-HCl, and 0.09M DMG 
(concentrations are those in the final assay mixture).
Assays at acid pH in DMG were carried out after 
freeze-thawing the diluted tissue 8 times to release 
any latent, e.g. lysosomal,activity. Alkaline 
ribonuclease was routinely measured at pH 7.8 or 8.7 
in 0.075M Tris-HCl. MgCl^ or EDTA were added to give 
the concentrations described in the Results Section III.
In all cases, the EDTA was pre-adjusted to the pH of the 
particular buffer being used.
The assay system described here is that 
routinely used for ribonuclease in Dr. Reid's laboratory. 
Some pertinent remarks on the choice of assay may be made 
here, in addition to those made in the Introduction, 
Chapter I . As most of the studies on RNases in this 
laboratory are concerned with subcellular distribution, 
the requirements for the assay may be listed as follows:
(a) the assay should allow of the detection of different 
enzymes^ e.g. endo- and exonucleases, and be sensitive 
enough to detect the low concentrations of enzyme which 
are often encountered in zonal fractions.
(b) the assay should be simple enough to allow of the 
estimation of large numbers of parallel samples in one 
batch, as many fractions are obtained in experiments 
with zonal rotors.
(c) the assay should be reproducible, automation being 
helpful in this respect, particularly when the precipitant 
itself absorbs at 260nm (e.g.uranyl acetate-PCA).
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In this assay, the use of the yeast RNA 
prepared by Norris, which has a mean chain length of 
at least 30 nucleotides, allows of the detection of low 
endonuclease activities, only a few breaks in each chain 
being necessary to produce acid-soluble products. As
the cut-off point of the precipitant is approximately at 
the tetranucleotide (Burge, 1973), blanks are low and 
thus sensitivity is good. Providing that the precipitant 
is accurately dispensed, reproducibility is also good, 
although 1rogue1 values are occasionally encountered.
The nature of the precipitant also enables large-capacity, 
low-speed centrifuges to be used for the clarification 
of the supernatant prior to absorbance measurements, 
unlike some précipitants, e.g. that of Ambellan and 
Hollander (1966 a,b), which give colloidal precipitates.
4 .Other enzymes
(a) Succinate dehydrogenase
Succinate dehydrogenase was assayed by the 
method of Pennington (1961). To an aliquot (0.5ml) of 
tissue was added 0.25ml of a freshly-prepared 2mg/ml 
solution of INT in 0.4M phosphate buffer, pH 7.4. The 
reaction was started by the addition of 0.25ml of 0.3M 
sodium succinate, pH 7.4. After incubation at 37° for 
10 to 20 min, the assays were cooled and 1.5ml of cold 
6% TCA were added to terminate the reaction. The 
reduced formazan was extracted into 4ml of ethyl acetate 
and the colour measured at 490nm. Tissue blanks were 
run in parallel with 0.3M sodium malonate, pH 7.4,
loi
replacing the succinate in the assay medium.
While the above procedure gave satisfactory 
results, the extraction step proved tedious when large 
numbers of zonal fractions were assayed. The procedure 
was therefore simplified by development of a mixture 
which produced a single phase on termination of the 
reaction, as described below.
In initial studies it was found that, after 
addition of 6% TCA and ethyl acetate to the assay medium 
as described above, a single-phase system was produced by 
the addition of ethanol to about 30%(v/v). This 
procedure was simplified, and the final volume reduced, 
by using a mixture of 96%(v/v) ethanol: ethyl acetate:
10% TCA (130:200:20 by volume). After incubation of the 
assays, the reaction was stopped by addition of 6ml of 
the mixture. The tubes were stoppered or covered with a 
piece of polythene sheet, and shaken vigorously ('Parafilm* 
can not be used to seal the tubes, as it is soluble in 
ethyl acetate). A single-phase system resulted. After 
centrifugation to remove denatured protein, the 
absorbance of the clear supernatant was measured at 
490nm.
At the final concentration of ethanol used here 
(23.8%,v/v) no difference in A ^ ^  was noted when samples 
were compared to identical assays extracted into an 
identical volume (7ml) of ethyl acetate. Absorption 
spectra, obtained with an SP800 recording spectrophotometer,
revealed a somewhat higher absorbance of the single 
phase system at wavelengths below about 475nm when air 
was used as the reference (Fig.II.2). This difference, 
however, was not apparent when the reference was an INT 
substrate blank, similarly treated to produce a single- 
phase system. The increased absorbance in this region 
of the spectrum seemed thus to be due to the presence of 
unreduced INT, which is not soluble in ethyl acetate in 
the absence of ethanol.
The assay was found to be linear with tissue 
concentration to an A ^ of at least 2. The assay 
ceased to be linear after 20 min incubation (not 
illustrated). The single-phase system was thus used for 
samples where relatively high enzyme activity was to be 
measured, as the increased volume leads to a loss of 
sensitivity which cannot be overcome by prolonging the 
incubation of weakly-active samples.
Attempts were also made to produce a 
single-phase system which would allow of adaptation to 
the continuous-flow analyser. It was found, however, 
that replacement of the TCA by NaOH resulted in a 
pale-yellow solution instead of the characteristic red 
colour of the formazan.
The system described above gives a single-phase 
system with sucrose solutions up to 1M. With stronger
JO
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Figure II.2
Absorbance spectra of reduced INT in ethyl acetate
and in the single-phase system,
Curves were obtained with an SP800 spectrophotometer; 
the reference was air. Identical assays were incubated:
 , absorbance spectrum of a sample terminated by the
one-phase reagent (final volume 7ml); -- :-----, absorbance
. .
spectrum of a sample extracted into 7ml of ethyl acetate#
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sucrose solutions, however, it was necessary to increase 
the volume of mixture added. Increasing the volume to
7.5 or 8ml always gave a single-phase system even with 
2M sucrose, albeit with a further loss of sensitivity. 
Increasing the proportion of ethanol likewise gave a 
single-phase system, but the absorbance of the samples 
became progressively reduced as the ethanol concentration 
was increased.
Pennington (1961) used ascorbic acid to fully 
reduce INT in order to obtain the extinction coefficient. 
However, this reduction step was found to be non-reproducible 
by the present author ; for this reason, all comparisons 
of different procedures were made on INT reduced 
enzymically by a crude mitochondrial fraction from liver.
(b) Uricase
The assay system was that of Beaufay et al.
(1959). Aliquots (1ml) of tissue were pipetted into 
two silica cuvettes and diluted with 1ml of 5mM phosphate, 
pH 7.4 containing 0.2% Triton X-100. After brief 
equilibration at 37°, 1ml of 0.03M phosphate, pH 7.4 
containing 0.086mg/ml sodium urate was added to the 
* experimental1 cuvette and 1ml of 0.03M phosphate, 
pH 7.4, was added to the 'control* cuvette. The cuvettes 
were put in the sample and reference sides respectively 
of a Unicam SP800 spectrophotometer fitted with a 
constant temperature block at 37°. The decrease in
absorbance at 292nm was recorded for at least 5 min.
5. Processing of results
All enzyme activities (with the exception of 
alkaline p-glycerophosphatase) and protein estimations 
were corrected for sucrose inhibition (Hinton et al., 
1969) by using the computer program described by 
Hinton (1971). Sucrose densities were calculated 
from refractive index measurements, using the same 
program.
E. Tissue preparation
1. Rat liver: preparation of crude nuclear fraction.
The procedure was method 4 of Hinton et al. 
(1970). After killing the animals by cervical 
dislocation, the livers were perfused with warm 0.25M 
sucrose adjusted to pH 7.6 with 5mM NaHGO^ (AnalaR 
grade, freshly prepared). After slashing the inferior 
vena cava just above the diaphragm, the needle was 
inserted into the aorta via the left ventricle. Any 
livers which did not blanch rapidly or completely were 
discarded. The perfused livers were then removed and 
chilled in ice-cold 0.25mM sucrose, 5mM NaHCO^, pH 7.6. 
After blotting and weighing, 15-20g of tissue was 
placed in at least 9 volumes of 0.25M sucrose and 
minced with scissors. Homogenisation was by three 
strokes of a Potter-Elvehjem homogeniser (A. Thomas,
Inc., Philadelphia) with a pestle rotated at 900 rev/min.
The diametric clearance between pestle and vessel was 
0.33mm. Homogenates were filtered through a double 
layer of coarse nylon sieve and centrifuged at 400g 
for 10 min in the swing-out head of an MSB minor 
centrifuge (MSB, Ltd.) in a cold-room, to collect the 
crude nuclear fraction. The pellet was resuspended 
in about 25ml of the homogenisation medium using a 
hand-operated teflon-glass homogeniser with a diametric 
clearance of 0.33mm.
2. Tumours
The animals were killed by cervical dislocation 
and the tumours rapidly excised, complete with their 
capsule, and dropped into ice-cold sucrose. In early 
experiments, after blotting and weighing, the tumour 
was carefully minced with scissors and large pieces of 
the capsule and of necrotic tissue were taken out with 
forceps and put on one side. The tissue remaining was 
then homogenised, normally with a Potter-Elvehjem 
homogeniser. As the conditions of homogenisation 
varied in different experiments, details will be given 
at appropriate points in the Results, Chapter III.
After homogenisation, the suspension was filtered as 
described above, small pieces of connective tissue from 
the capsule being retained on the filter. The actual 
weight of tissue was obtained by subtracting the weight 
of the dissected-out and filtered material of the 
capsule from the weight of the whole tumour.
In later experiments, greater care was taken to 
exclude necrotic material. The chilled weighed tumour 
was sliced with a scalpel on a chilled glass plate at
Oo. Pieces of connective tissue and necrotic material 
were placed on one side and the remaining soft * slurry* 
of tissue carefully put into a tared beaker of ice-cold 
homogenisation medium. After homogenisation, the 
suspension was filtered as above.
F. Light microscopy
Small drops of tissue suspensions were examined 
under phase-contrast illumination in a photo microscope 
(Carl Zeiss, Oberkuchen/Wurtz). In some cases, 
photographs were taken on Ilford Pan F film using the 
automatic camera built into the instrument. Optivar 
magnifications of 1.25, 1.6 and 2.0, camera 
magnifications of 16 and 40 diameters were used. 
Enlargements were made on to Kodak Bromide 
paper.
G . Centrifugation in zonal rotors
The rotors used in these experiments were the 
AXII rotor for experiments on liver nuclear fraction 
and tumour homogenates, and the HS rotor for preparation 
of hepatoma plasma membranes from various fractions.
A few experiments were carried out using the BXIV
titanium rotor. All rotors and centrifuges were 
manufactured by MSB Ltd. The design and construction 
of zonal rotors is discussed in detail in Anderson (1966) 
and will not be considered here. Similarly, detailed 
discussions of the setting-up of zonal rotors are to be 
found in the manufacturer’s manuals (MSB Ltd.) and in 
Anderson (1966). Further details are given in 
Hinton (1970), Burge (1973), Norris (1974), and in 
articles in Reid (1971). The general sequence of 
operations in an experiment using a zonal rotor is shown 
in figure II.3.
1. Generation of density gradients
All gradients used in these studies were 
prepared from sucrose solutions. In all experiments 
with the AXII and HS rotors, the gradients were formed 
using a simple apparatus similar to that described by 
Birnie and Harvey (196$), the ’exponential' gradient 
maker. In the small number of experiments using the BXIV 
rotor, linear gradients were used. These were generated 
with the ’double pump’ gradient maker described by 
Hinton and Dobrota (1969).
Details of the solutions used for the 
different gradients are to be found in the Appendix.
2. Loading and displacement of the gradient
These procedures have been described in detail
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in the several references cited above in the introductory 
paragraph. Only a brief description will be given here, 
detailed discussion being reserved for points the 
author has encountered which are not fully described in 
the references.
(a) Introduction of the gradient
Starting with the lowest density, the gradient 
was pumped to the outer edge of the rotor using a 
piston pump (Hughes DCL Micropump, series II; Metering 
Pumps Ltd., Ealing) at flow rates up to Sjt/hr. The 
pulsating flow, which could have caused cross-leakage, 
was smoothed by the inclusion of a 15 psi back-pressure 
valve connected to the pump by a few inches of soft 
silicon tubing. The gradient was monitored for 
refractive index by passage through the M556 flow-cell 
of a Laboratory Model M550 recording refractometer 
(Hilger and Watts, Ltd.). The instrument was set to 
give a full scale deflection for a difference of 0.1 
between the refractive index of the inflowing gradient 
and the distilled water reference. Immediately before 
entering the rotor, the gradient was passed through a 
stainless-steel cooling coil immersed in an ice-salt 
bath. The temperature of the gradient was monitored 
using a thermocouple (Gallenkarapf, Ltd.) embedded in 
the flow-line directly above the seal. This 
temperature was routinely maintained at 2-4°. The 
bearing of the static seal was cooled by a separate
flow of ice-cold water. After the gradient had been 
loaded, a cushion of 2M sucrose was pumped directly 
into the rotor, sufficient to fill the rotor. The
sample was then introduced, using a syringe connected 
to the centre-line. It is essential that the first 
5 or 10ml of the sample be introduced very slowly i.e. 
2-3ml/min, or 'jetting* of the sample from the holes in 
the core will severely impair resolution by broadening 
of the sample zone. The remainder of the sample may 
then be introduced at a faster rate, about 5-10ml/min. 
Observation of the 2M cushion being displaced from the 
edge line aids in assessing the flow-rate, and also in 
detecting cross-leaks in the seal (i.e. fluid entering 
in one line exiting via the other without passing 
through the rotor). The pressure on the syringe must 
be steady as pulses can part the seal faces, causing 
cross-leakage. The sample was then displaced outward 
from the core of the rotor by the introduction of a 
light sucrose solution, the 'overlay', in a manner 
identical to that used in the introduction of the 
sample.
All necessary solutions having been introduced 
into the rotor, the static seal was removed from the HS 
or BXIV rotors, and the running-cap placed over the 
shaft. The lid of the centrifuge was closed and the 
rotor accelerated to operating speed. In the case of 
the AXII rotor, the seal is not removable. As the 
seal must never run dry, and the rotor expands on
H3
acceleration, certain precautions are necessary.
While the line to the edge of the rotor is clamped 
off, the lead to the centre of the rotor is attached 
to a reservoir of overlay solution, which is drawn 
into the rotor on acceleration and displaced on 
deceleration.
(b) Displacement of the gradient
After a suitable time, the rotor was decelerated 
and the seal, if removed, was replaced after washing 
both faces with distilled water to remove any 
crystallised sucrose.
Displacement was carried out by pumping sucrose, 
at least equal density to that of the cushion, to the 
outer edge of the rotor. The displaced gradient was 
monitored, in sequence, for temperature and refractive 
index using the apparatus described above. The 
absorbance, usually at 650nm (really light-scattering) 
was measured using a Unicam SP500 spectrophotometer 
fitted with a 1.0cm flow-cell (Hellma, Ltd.). Refractive 
index and absorbance were recorded on a Rikadenki 
two-channel recorder (T.E.M.Sales Ltd., Crawley). A 
Rikadenki logarithmic converter was used to render the 
SP500 output linear with absorbance. Fractions were 
collected using an ISCO volumeter (Shandon Ltd.), 
modified by fitting a large-bore tap, and a Central 
Ignition fraction collector kept in a cold-box at 0-4°.
Piston pumps were used to displace the gradient
at flow rates up to 3>/h. Cross-leakage was never 
encountered in experiments using the AXII rotor.
Another problem was encountered, however. This was a 
difference in displacement rate between the four 
compartments of the rotor (see Dobrota, 1971) which 
caused loss of resolution. This could be ameliorated 
to some extent by accelerating the rotor to 12-1500 
rev/min, for a few minutes, at intervals during 
unloading. There being no blockage of any of the 
passages in the rotor, wear of the septa plate, causing 
poor centring, was suspected. A new septa plate was 
obtained, but failed to improve matters. However, it 
was noticed that air appeared to be sucked into the line 
leading to the edge of the rotor during the run. How 
this occurs is unclear, as this line runs through the 
centre of the seal on the AXII feed—head, the outer 
annulus being full of liquid from the overlay reservoir. 
It was then found that the problem could be substantially 
overcome by pumping overlay into the centre of the rotor 
immediately prior to unloading, displacing the air from 
the channels in the septum which cause 'air-locks'
(M. Dobrota, unpublished experiments). When the outer 
line was full of cushion, this line was connected to 
the pump and unloading commenced.
Cross-leakage was sometimes encountered using 
the HS rotor, as also reported by Burge (1973). The 
problem was found to be at least partly due to the
design of the (now obsolete) seal assembly. The 
drilling of the bolts holding the seal assembly into 
the feed head was such that accurate centring of the 
seal faces could not be achieved. This problem should 
not occur with the more recent design of the feed head 
(MSB Ltd.) in which both static and rotating seals are 
removed from the rotor with the feed-head.
H. Gradient centrifugation in swinginq-bucket rotors
Some analytical and 'pilot* experiments were 
carried out using swinging-bucket rotors. Sucrose 
gradients were prepared in the tubes of a 3 x 23ml 
swing-out rotor. A cushion (2ml) of 2M sucrose was
pipetted into the tubes and overlaid with 16ml linear 
gradients of density ranges given in the relevant 
sections of the Results, Chapter III. The three 
gradients were normally prepared in parallel, using a 
small MSB gradient maker and a three channel manifold 
of a Technicon proportioning pump. Aliquots of tissue 
preparations (0 .5-1 .Oml) were layered carefully onto 
the gradients, and centrifugation carried out for 
appropriate times in an MSB Superspeed 65 
ultracentrifuge. After centrifugation, the gradients 
were fractionated using a *Perpex1 peristaltic pump 
(LKB, Ltd., Bromma, Sweden) set at 0.66ml/min, and 
either the displacing * bung * described by Lowe (1972) 
or the MSB gradient displacement head (MSB Ltd.).
CHAPTER III RESULTS
A. Modifications to a published procedure for the 
isolation of plasma membranes from liver crude 
nuclear fraction
At the commencement of the studies reported in 
this thesis, the Wolfson Centre's laboratories occupied 
part of the University of Surrey's old buildings in 
Battersea, London. The author's colleagues had developed 
considerable expertise in the use of zonal rotors 
(e.g. Reid, 1971), and conditions for the isolation of 
plasma membrane ('p.m.') sheets from liver nuclear fractions 
had been extensively studied (Hinton et al., 1970).
Following the move to Guildford, the author 
commenced the isolation of p.m. from perfused liver. 
Initially, animals had to be transported from London for 
these studies. Primarily to facilitate perfusion, quite 
large animals (270-300g, 12-14 weeks old) were used. 
Routinely, 5'-nucleotidase and glucose-6-phosphatase were 
assayed as a measure of purity. A scan of such a run is 
shown in Fig.III.1. The gradient was type 'A2 ' of 
Hinton et al. (1970), which was used in all experiments 
with the AXII rotor. Details of this and other gradients 
are to be foûnd in the Appendix.
In Fig.III.1, peak 1 corresponds to microsomal 
material —  as indicated by the enzyme assays —  which has 
hardly separated from the soluble protein of the sample 
region. Peak 2 corresponds to mitochondria. Peak 3
( I T
Figure III. 1
Pattern obtained during an early experiment 
using the AXII zonal rotor to isolate plasma membranes 
from the crude nuclear fraction of perfused livers of
14-week old rats. Gradient *A2 ' of Hinton et al.(1970) 
was employed. Centrifugation was for 50 min at 3700 
rev/min. Fractions of 35ml were collected. Symbols 
used are: —  .protein, mg; t H 3  , glucose-6-phos- 
phatase , ^mol/min ; 0 — 0  , Sinucleot idase , ^imol/min ;
- - -, density at 5°, g/ml. Values for enzymes and 
protein represent the total amount per fraction.
tt?
represents a clearly resolved peak of p.m., as judged 
by 5 1-nucleotidase activity. Peak 4 is due to traces of 
erythrocytes. Peak 5 is composed of nuclei, partly-broken 
and intact cells, and aggregated material; its amount 
varied somewhat in different experiments.
5 1-Nucleotidase in the p.m. peak commonly 
exhibited a 10- to 16-fold enrichment of specific activity 
over that of the homogenate (’purification1) in yields of 
about 6%. For glucose-6-phosphatase, the ratio was 
generally 0.3 to 0.7, with a yield of about 0.4 to 0.8%. 
These values compared reasonably well with those obtained 
in the earlier studies (Hinton et al., 1970). Poorer 
values were sometimes obtained, often reflecting 
erythrocyte contamination due to inexperience with the 
perfusion.
After carrying out a limited number of 
preparations of liver p.m. fragments, the author spent 
several months working on the isolation of p.m. fragments 
from hepatoma, the animals now being housed in Guildford. 
During this period, no separations were attempted from 
normal liver. When liver p.m. runs were recommenced, 
an unexpected problem was encountered. A series of runs 
were vitiated by serious aggregation across the denser 
regions (density >  1.14) of the gradient. The A 650 
trace of such a run is illustrated in Fig.III.2a.
Marked aggregation is apparent in the p.m. region
Legend to Figure III. 2a
’Absorbance* profile at 650nm obtained after 
centrifugation of a crude nuclear fraction from perfused 
livers of 13-week old rats. Gradient shape ,A2 * of 
Hinton et al. (1970). Centrifugation in the AXII rotor 
was for 55 min at 3700 rev/min. Fractions of 36ml 
were collected. Gross aggregation is apparent in the 
plasma membrane region, fractions 22 - 25.
I
Legend to Figure III. 2b
’Absorbance* profile at 650nm obtained using 
livers of 8-week old rats. Centrifugation was for 
50 min; fractions of 40ml were collected. Other 
conditions as for Fig.III.2a. A clearly-resolved 
peak of plasma membranes is present in fractions 20 - 22. 
For further details, see text.
110
V
F i f  M X  a
FRACTION No-
l-l î
1 1
*■—
H
l'O
1-0
10 20
FRACT ION No
Ri'q. HX.2.1>
(Fractions 21-25) and also in the denser regions of the 
gradient. Yields of only 1-2% of homogenate 
5 1-nucleotidase, enriched only 3G4 fold, were obtained. 
Examination of the p.m. peak material by light microscopy 
revealed the presence of 1rafts1 of aggregated nuclei and 
nucleoprotein gel. Apparently, nuclear lysis was 
occurring during the isolation, causing general aggregation 
across the denser regions of the gradient. The minimum 
density of the aggregates was about 1.13-1.14.
As Marinetti and Gray (1967) had reported that 
nuclei from perfused liver were more fragile than those 
from unperfused liver, (see also Hinton et al., 1970), 
it was suspected that some trace contaminant might now 
be selectively damaging the nuclear membrane, the few free 
sheets of p.m. appearing morphologically normal. Following 
one experiment in which total nuclear lysis resulted from 
the inadvertent preparation of the nuclear fraction in 
tubes contaminated by the detergent Teepol, traces of 
detergents or plasticisers were suspected to be responsible 
for the problem. Acid-cleaned glassware and glass 
centrifuge tubes, however, afforded no improvement.
Contamination of the solutions used for 
homogenisation and for the gradient was next considered.
Use of double-distilled water, 'Analak' sucrose, and both 
'AnalaR* and *Mineral water1 sucrose treated with 
Norit ,A 1 charcoal to remove impurities, all failed to
improve the separation. Having thus ruled out, as far 
as possible, contamination as a cause of the lysis, it 
seemed possible that some constitutional alteration in 
the rats had occurred, particularly in view of the recent 
move. It had already been observed that liver ferritin 
levels had fallen dramatically (Drs.B.Mullock and R.H.Hinton, 
unpublished observations), and that marked changes in gut 
flora had occurred (Prof.J.E.Smith, unpublished observations). 
The possibility that the nuclei were inherently more 
fragile than in the earlier studies, suggested that 
exposure of part of the sample to hypotonic conditions 
might lyse sufficient nuclei to cause the observed 
aggregation. This might occur during introduction of the 
0.08M sucrose overlay into the zonal rotor ; sufficient 
mixing and diffusion to lyse some nuclei could easily have 
occurred. This was tested by introducing an osmotic 
Jbuffer1 of 0.25M sucrose (10ml) between the sample in
0.25M sucrose, and the 0.08M overlay. However, no 
improvement resulted from this modification.
At this stage, it was recalled that in the early 
studies by Neville (1960), the use of young rats was 
specifically recommended. If, as this suggested, nuclear 
membranes became more fragile with age, trial of younger 
rats was warranted. The A ^ ^  profile of an experiment 
using 8-week old animals (weight about 170g) is shown in 
Fig.Ill ,2b. Clearly, a marked improvement in the
separation is achieved. In a single experiment,
10-11-week old rats (weight 220-240g) were used; the 
profile indicated that some aggregation occurred, although 
to a much reduced extent compared with that observed 
with 12-14-week old animals. In all subsequent 
experiments, animals aged 8 weeks were used. The 
analytical data to be presented later were all derived 
from such experiments, with a few stated exceptions.
The use of a 0.25M sucrose 1bufferf between 
sample and overlay was retained as a precaution against 
lysis due to hypotonic conditions, as considered above.
Also, the use of Norit 1A 1-treated sucrose was continued.
This was intended primarily to remove traces of RNase 
(Chapter II ). However, it also appeared to result in 
a sharper p.m. peak, possibly due to removal of trace 
heavy metal ions, which can increase markedly the density 
of membrane fragments (Dallner and Ernster, 1968;
Hinton et al., 1971). Unfortunately, the need to 
re-accelerate the rotor while displacing the gradient in 
many of the author * s earlier experiments as described in 
Chapter II, renders accurate comparisons difficult, for 
this procedure also reduces band-width. However, comparison 
of the run illustrated in Fig.III. 2b, which was not 
re-accelerated, with those of Hinton (1970) and Hinton 
et al. (1970^, does indicate that a considerably sharper 
band is obtained by this procedure. A full scan of the 
enzyme distributions in an experiment using the modified 
procedure is presented in the next section of this chapter.
Another small modification of the original 
procedure of Hinton et al. (1970) was the use of an angle 
rotor for the flotation step. Hinton et al. found that 
re-homogenisation of the p.m. region, to release trapped 
material, followed by flotation in a swing-out rotor, 
from sucrose of density 1.19 (at 5°), resulted in a 
doubling of purity of the p.m., as judged by 5 1-nucleotidase 
activity. However, these workers pelleted the membranes 
from the zonal fractions and then resuspended in dense 
sucrose, involving two centrifugations. Coleman and 
Finean (1966) reported that angle or swing-out rotors 
were equally efficacious for flotation of membrane fragments. 
Accordingly, flotation was carried out by a single-step 
procedure. Pooled fractions from the zonal run were 
adjusted to density 1.19(monitored by refractive index 
measurements] by addition of 2M sucrose, 5mM NaHCO^.
After re-homogenisation of the suspension in a 
Potter-Elvehjem homogeniser at 2,900 rev/min, aliquots of 
20ml were placed in polycarbonate tubes of an MSB 8x50ml 
angle rotor, and overlaid with 15-20ml of 0.25M sucrose,
5mM NaHCOg (sometimes 0.25M sucrose, 5mM Tris-HCl, 
pH 7.4). After centrifugation at 40,000 rev/min 
(133,000g) for 90 min, the purified p.m. which banded on 
the interface between the two solutions as white 'sheets', 
were removed with a bent pipette. The purity of this 
preparation, as described later, showed no significant 
differences from that obtained by the original procedure.
B. Ribonuclease and phosphodiesterase activity 
in isolated liver plasma membranes.
1. Properties of the RNase and PDase activity 
in plasma membranes
As mentioned earlier, colleagues of the author 
had observed that Mg2 ions at two different concentrations 
had an activating effect on RNase activity; the effect 
seemed dependent on concentration. Accordingly, a 
preparation of p.m. purified by zonal centrifugation and 
subsequent isopycnic flotation, was assayed at pH 7.8 in 
the presence of various concentrations of Mg2*"* and EDTA.
The pH of the assay was that found by colleagues to be about 
optimal (Norris et al., 1971). The results of this 
experiment are shown in Fig.III.3. (The values obtained in 
the 1presence1 of 3mM EDTA do not fit the general curve ; 
it was noticed that the volume of those tubes appeared 
less than in the others, probably due to inadvertent 
omission of the EDTA solution from the assay.)
Clearly, this experiment demonstrated a marked 
dependence of the enzyme activity on the presence of 
Mg . At 9mM MgCl^, the activity is enhanced almost 
10-fold compared with 9mM EDTA. This was surprising in 
view of the observations in the earlier studies by colleagues 
The effects of Mg2+ and EDTA on the alkaline PDase activity 
in the same p.m. preparation were then briefly investigated. 
Using the manual procedure described in Chapter II, the 
absorbance at 400nm was measured after incubation in the 
presence of 5mM MgCl^ or 5mM EDTA. Assays were carried
out at pH 7.8 in 0.075M Tris-HCl buffer. In the presence
YJJ6
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Figure III.3 .
Activity of ribonuclease in purified plasma
membranes as a function of the concentration of MgCl
2
or EDTA in the assay medium.
The assays were carried out in 0.075M Tris-HCl 
buffer , pH 7.8. Standard Iml-assays, containing 40jJig 
of p.m.protein/ml, were incubated at 37° for 45 min.
Yeast RNA* as substrate, at a concentration of lmg/ml.
* In this and subsequent figures, 'yeast RNA' refers to 
the preparation provided by K.A.Norris. When the 
commercial purified yeast RNA was used as the substrate, 
this is termed 'Galbiochem RNA* in the appropriate 
Figures and Tables.
of 5mM MgClg, the A40Ç) was 0.421; in the presence of 
5mM EDXA, the was 0.032, representing a 13-fold
stimulation of activity by Mg2+.
At this point, it was decided to investigate
the pH optima for the enzymes, in view of the difference
in response to Mg2+ concentration noted in these
experiments. Assays for RNase were carried out in the
04-
presence of 7.5mM Mg , assessed as optimal from the 
data presented in Fig.III.3 . Emmelot et: al. (1964) 
had assayed RNase activity at three pH values without 
addition of EDTA or Mg2 , and found activity at all three 
values. Accordingly, EDTA (7.5mM) was included in 
replicate assays at pH 5.1, 7.8 and 8.7. The results of 
this experiment are shown in Fig.III.4a.
The following observations were made, 
optimal activity, in Tris-HCl, appeared to be 
at about pH 8.7.
(ii) Significantly lower activity was evident in assays 
containing glycine-NaOH at equivalent pH to assays in 
Tris-HCl.
(iii) The buffer used to determine the shape of the curve 
in the acid region, DMG, also gave lower activity than 
^ris-HCl at the pH values where the buffering ranges 
overlapped. Thus, at pH 7.2, the p.m. preparation 
released 0.119 A ^ q unit of acid-soluble material from 
RNA with DMG as buffer, and 0.142 units with Tris-HCl.
At pH 7.5, the corresponding values were 0.138 unit and 
0.187 unit.
(iv) The activity at pH values below 7.0 was about
15-20% that at pH 8.7. The apparent peak of activity 
at pH 4.0 was not reproduced in other experiments, e.g. 
another p.m. preparation released 0.063 unit of
acid-soluble material from RNA in 45 min at pH 4.0, and 
0.071 unit at pH 5.1.
(v) With EDTA present, marked reduction in activity was 
observed at all three pH values tested. At pH 8.7, the
24-
activity with Mg present was 11.2-fold higher than that 
assayed in the presence of 7.5mM EDTA. At pH 7.8, the 
value was 10.4-fold; and at pH 5.1, the value was 
4.6-fold, although the activity was too low for much 
confidence to be placed in this latter figure.
The data indicated that an enzyme was present 
which had a considerably higher pH optimum than noted in 
earlier studies. In view of the closeness of the apparent 
pH optimum to the overlap region of Tris-HCl and 
glycine-NaOH buffers, it was considered necessary to repeat 
the experiment using a single buffer which covered the 
overlap region. Bicine-HCl was used for this purpose.
The activity curves for two separate p.m. preparations are 
shown in Fig.III.4b. In the experiment shown in the 
insert, both Tris-HCl and Hicine-HCl buffers were used to 
illustrate the relationship between the activities in the 
different buffers.
Legend to Figure III.4a
Ribonuclease activity in a purified plasma 
membrane preparation as a function of the pH of the 
assay medium.
Assays (1ml) were carried out in the presence 
of 7.5mM MgCl^. The buffers employed were : o, 0.09M 
DMG; x, 0.075M Tris-HCl; A  , 0.075M glycine-NaOH.
Points displayed thus: [o] or £xj , refer to assays 
carried out in DMG or Tris-HCl respectively, in which 
the MgCl^ was replaced by 7.SmMzEDTA. Incubation 
was for llh at 37 , with yeast RNA as substrate.
Legend to Figure III.4b.
Ribonuclease activity in purified plasma 
membrane preparations as a function of pH in different 
buffers.
Assays were carried out as described for 
Fig.III.4a; in addition, Bicine-HCl was used (#).
The inset shows the relationship between the activities 
given by the different buffers close to the pH optimum, 
and derives from a different experiment to that shown 
in the main figure.
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With Bicine-HCl as buffer, the curve is quite 
flat between pH 8.4 and 9.0. A complex pattern of 
activities is evident with the different buffers. Tris-HCl 
buffer gave consistently higher activities at the overlap 
values of pH than any of the other three buffers tested.
Close to the pH optimum, Bicine-HCl gave slightly lower 
activity than Tris-HCl but higher activity than glycine-NaOH.
At overlap pH values near neutrality, Bicine-HCl gave 
lower activities than DMG.
These results indicate that the optimum pH of
2+the RNase in the presence of 7.5raM Mg is 8.7-8.8,
although the curve is very flat between pH 8.4 and 9.0.
In view of the higher activity exhibited when Tris-HCl
buffer was used, this buffer was subsequently used in all
later studies for routine assays. From the observations 
2+made when Mg was replaced by EDTA at the three pH values 
tested, it was considered that activity of the enzyme was 
almost totally dependent on the presence of Mg in the 
assay. Further, the low activity at pH 5.1 was considerably 
reduced in the presence of EDTA, suggesting that much of 
the * acid1 activity was due to residual activity of the 
alkaline enzyme, rather than to a distinct acid RNase. In 
the experiment shown in the main figure in Fig.III.4b, 
activity at pH 5.1 was also assayed in the presence of 
7.5mM EDTA; less than 25% of the activity in the presence 
of 7.5mM Mg2+ was detected, confirming the earlier 
observation.
I3X
In view of the marked discrepancy between the 
pH optima observed by the author’s colleagues and that 
now obtained, it was considered possible that differences 
in storage and/or assay procedures might be critical. 
Burge's studies on zonal p.m. fractions were carried out 
on material stored overnight at 0-4°. (M.L.E. Burge, 
personal communication). He found no differences when 
the assay medium included pCMB (10 ^M, final concentration). 
However, an inhibitor may have been inactivated during 
storage. Norris had also found no effect on inclusion of 
pCMB in the assay medium, although his samples of 
'microsomal* p.m. were stored at -20°. Storage of the 
author's p.m. preparations was invariably at -20°; assays 
were normally carried out 24 to 48 h after preparation.
These conditions tend to preserve the inhibitor.
To investigate the possible effects of an
inhibitor, two separate p.m. preparations were assayed
in the presence and absence of 10“3M pCMB. Assay was
made at pH 7.8 and 8.7 in the presence of 7.5mM EDTA 
2+
or 7.5mM Mg . The results obtained showed that pCMB 
had little effect on the activity under the different 
conditions; if anything, a slight decrease of activity 
was noted in most assays in which pCMB was included 
(Table III.la). A preparation of purified p.m. was
also assayed after storage at -20° for 24h and after 
further storage for 17 weeks. The results presented in 
Table III.lb indicate that no activity was lost during 
prolonged storage.
Table III.la
Ribonuclease activity of purified plasma 
membrane preparations in the presence and absence of 
pCMB.
p.m. pCMB A  A260, OH 7 .8 A  A260, pH 8.7
preparation mM 7.5mM
EDTA
7.5mM
>MSfCl2
7. 5mM 
EDTA
7.5mM
Mgci^
■1 : :
0 0.021 0.204 0.026 0.267
1 0.019 0.189 0.023 0.253
2
0 ---- 0.240 0.029 0.319
1 0.236 0.031 0.309
Standard assays were carried out in 0.075M 
Tris HC1, pH 7.8 or 8.7, in the presence of 7.5mM 
MgCl^ or EDTA. pCMB was added to 10" M as indicated. 
Yeast RNA as substrate.
Table III.lb
Ribonuclease activity of a purified plasma 
membrane preparation after storage at -20° for 24 h 
(*Fresh* material) and after storage at -20 for 17 
weeks (fstored1 material)
A  A260
•Fresh* •c/torect*
0.260 0.254
Assays were CEirried out at pH 8.7 in 0.075M Tris 
HC1, 7.5mTvl Assays were carried out in triplicate.
The protein content of the stored material was reassayed to 
ensure comparable results.
nif
The effects of Mg2+ on the RNase activity of purified 
p.m. preparations was now reinvestigated. In these 
experiments, assays were carried out at pH 8.7, as judged 
to be optimal from the experiments illustrated in 
Fig.III.4b. The results of this experiment are shown in
Fig.Ill ,5a. As Fiers (1961) had reported that divalent
cations influenced the extent of precipitation of RNA 
(see also Dickman et al.,1956), this was also investigated. 
A duplicate series of tubes were incubated in parallel 
with the expérimentais ; this series lacked MgCl or 
EDTA. To each O.^ml assay, after incubation, was added 
0.1ml of MgCl^ or of EDTA solutions to give the 
concentrations shown. Precipitant was then added to
both series of tubes. In the experimental series (x— xj)
a broad optimum of activity was found between 6 and 
12mM MgCl2 . The curve is very similar to that observed 
earlier when the assay was performed at pH 7.8 
(cf. Fig.III.3). In a repeat of the experiment at 
pH 8.7, optimum activity was displayed at about 6mM 
MgCl^; the overall shape of the curve was very similar.
The MgCl^ concentration chosen for routine assay on the 
basis of these experiments was 7.5mM. A 12-15 fold 
enhancement of activity was noted when 7.5mM MgCl^ was
included in the assay, as compared to the activity with
7.5mM EDTA. No effects of Mg2+ or EDTA on the 
precipitation of partially hydrolysed RNA were noted, as 
shown in Fig. III. 5a (points displayed thus : )*
Legend to Figure III.5a
Variation of the ribonuclease activity of a 
purified plasma membrane preparation as a function of 
the concentration of MgCl^ or of EDTA in the assay 
medium.
The assays were carried out in 0.075M Tris-HCl
pH 8.7. The substrate was yeast RNA. Symbols: x x,
standard 1ml assays; o —  o, 0.9ml assays to which 0.1ml 
of EDTA or MgCl^ was added to give the concentrations 
shown, after incubation but before addition of the 
precipitant. For further details, see text.
Legend to Figure III.5b
Variation of the ribonuclease activity of a 
purified plasma membrane preparation as a function of 
the concentration of MgCl^ or of EDTA in the assay 
medium.
The plasma membrane preparation was the same as 
used in the experiment shown in 5a; 1ml assays were 
carried out as above, except that 'Calbiochem* RNA was 
used as substrate.
JElgJSIJÎa
It was of interest to investigate the activity 
of the p.m. RNase towards a high-molecular-weight substrate. 
Stevens and Reid (1956) had reported that the alkaline 
RNase of crude mitochondrial fractions from liver was more 
active against high-molecular-weight RNA than a 
law-molecular-weight RNA substrate, while the reverse was 
found for acid RNase. The commercially purified yeast 
RNA (,Calbiochemt RNA) seemed to be a suitable substrate 
for the present study, being of much higher (20-30,000) 
molecular weight than the yeast RNA used routinely.
Transfer RNA, as used by Neu and Heppel (1964) in their 
studies on the RNases of E.coli, was not considered a 
suitable substrate. The extensive regions of secondary 
and tertiary structure in native t-RNA render the molecule 
resistant to many RNases, including bovine pancreatic 
RNase (see Barnard, 1969).
The purified p.m. preparation used to obtain
the data in Fig.III.5a was therefore reassayed with
Calbiochem RNA as substrate. In general, slightly
lower activity was obtained when the larger substrate
2+
was used, viz. about 12% lower activity at 6mM Mg 
(Fig.III.5b). The curve is generally similar, being 
perhaps somewhat sharper than that obtained using the 
smaller substrate. The lower activity with the larger 
substrate can most easily be explained as being due to 
more efficient precipitation; the blank reading for the 
Calbiochem RNA was 0.012, compared with 0.134 for the
purified yeast RNA as used routinely. The slight 
difference in the activation curves may well have been
24-
due to different Mg concentrations in the two substrates 
(not determined); no details on the procedure used in 
the purification of the commercial product are available. 
Alternatively the differences may be due to differences 
in the secondary structure of the substrates; as will 
be described later, evidence was found for a considerable 
degree of secondary structure in the Calbiochem RNA 
preparation.
2+
The pH and Mg optima were also determined 
for the phosphodiesterase activity of purified p.m. 
preparations. The pH optimum (Fig.III.6a) was determined 
in the presence of 5mM MgCl^. The shape of the curve is 
very similar to that shown by the RNase. Maximum 
activity of the PDase is obtained at pH 8.5 with Tris-HCl 
buffer, or slightly higher with Bicine-HCl buffer. Both 
enzymes exhibit the same, rather complex pattern with the 
various buffers used to determine the pH curve 
(cf. Figs.III.4a and III.6a).
The PDase activity responds sharply to changes
24-
in the Mg concentration, being almost fully activated 
by ImM Mg2+ and almost fully inhibited by ImM EDTA. In 
the presence of 5mM MgCl^, the PDase is 14-16-fold more 
active than in the presence of 5mM EDTA. The extent of 
the activation by Mg is very similar for the two enzymes
Legend to Figure III.6a
Variation of the phosphodiesterase activity 
of purified plasma membranes as a function of the pH 
of the assay medium.
Phosphodiesterase activity was measured using 
the manual procedure. Assays included 5mM MgCl^; 
buffer concentrations and symbols are the same as those 
described in the legendrto Figure III.4b. The inset 
shows the relationship between the activities given by 
different buffers close to the pH optimum and derives 
from a different experiment from that shown in the 
main part of the figure.
Legend to Figure III.6b
Variation of the phosphodiesterase activity 
of purified plasma membranes as a function of the 
concentration of MgCl2 or of EDTA in the assay medium.
Phosphodiesterase assays were carried out at 
pH 8.7 in 0.075M Tris-HCl, using the manual procedure.
1 HU
0\
mthe difference in the sharpness of the effect of changes 
2+
in Mg concentration may simply be due to the ability of 
RNA to bind Mg^+ .
2. Activities of alkaline ribonuclease and 
phosphodiesterase during the purification 
of liver plasma membranes
Burge (1973), studying the distribution of
alkaline RNase and PDase in rat-liver particles, showed
that a significant proportion of the particulate activities
was associated with plasma membranes. However, his assay
conditions were not optimal for the p.m. enzymes, as shown
above. Studies were now made under optimal assay
conditions to assess the contribution of the p.m. enzymes
to the activity of the cell.
(a) Distribution of enzyme activities after
zonal centrifugation of crude nuclear fraction
Centrifugation, in an AXII zonal rotor, of a crude 
nuclear fraction from perfused liver, results in the 
separation of four distinct peaks of material under the 
conditions stated in the legend to Fig.III.7. The first 
peak of protein corresponds to microsomes (i.e. small 
membrane fragments), indicated by glucose-6-phosphatase 
and 5 1-nucleotidase activities, which are very slowly 
sedimenting out from the sample region. The second peak, 
partly overlapping the first, consists of sedimenting 
mitochondria as indicated by succinate dehydrogenase 
activity. The third peak is composed of p.m. sheets 
nearing their isopycnic density. The high activity of 
5 1-nucleotidase and low levels of other enzymes indicates
Legend to Figure III.7
Distribution of protein, marker enzymes, 
phosphodiesterase and ribonuclease activities after zonal 
centrifugation of a crude nuclear fraction from perfused 
liver.
Centrifugation was in the AXII zonal rotor for 
50 min at 3,700 rev/min, using gradient form A2 of 
Hinton et al.(1970).
Symbols and abbreviations used are:
(a )-----, Density (g/ml) at 5°;  ---  , protein (mg)
(b) <X> , 5*-Nucleotidase (1 AMPase* ) ; glucose-
6-phosphatase (’GôPase1); *—# , acid phosphatase (•Acid 
P'ase* ) ,  succinate dehydrogenase (1Succ.D*ase*) 
activities. Values are in^imoles/min.
(c) o— o , Phosphodiesterase activity, assayed at pH 8.7
24-
in the presence of 5mM MgCl^ (* PDase, Mg 1 ) ; # ,
phosphodiesterase activity assayed at pH 8.7 in the presence 
of 5mM EDTA (*PDase, EDTA*). Values are in 
^ug p-nitrophenol released/min.
(d) Ribonuclease activity ('RNases') assayed at:X— X  >
24-
pH 8.7 in the presence of 7.5mM MgCl^ (*pH 8.7, Mg 1);
, pH 8.7 in the presence of 7.5mM EDTA ('pH 8.7, EDTA») 
pH 7.8 in the presence of 5mM Mg2+ (’pH 7.8, Mg2^ ’ ). 
Values represent A ^ ^  for acid-soluble products 
(notionally in 1ml)/min.
All values refer to the total amount per 
fraction (40ml).
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that the p.m. fragments are virtually free from other cell 
organelles. There is also a band of material, lying 
against the cushion which contains nuclei together with 
whole cells and aggregated material (Hinton et al., 1970).
Lysosomes, indicated by acid phosphatase activity, are 
sedimenting between the microsomal and mitochondrial peaks. 
Burge (1973) had shown that acid RNase distribution is 
essentially identical to that of acid phosphatase under the 
conditions used here ; in view of the low acid RNase 
activity in purified p.m. preparations, the enzyme was not 
studied in the experiments now reported.
Examination of the distribution of alkaline RNase
24-
activity (Fig.III.7d) assayed with Mg present shows a
complex spread of activity across the slowly-sediment ing
material in the first half of the gradient, with distinct
peaks in the p.m. region and at the dense end of the
gradient. The peak of activity in the p.m. region is
notably enhanced when assay is made (in the presence of 
2+Mg ) at pH 8.7 instead of pH 7.8, the conventional pH
for RNase assays, but is almost totally absent if the RNase
2+is assayed in the presence of EDTA instead of Mg
The RNase activity in the slowly sedimenting
material is due to at least four different enzymes. In
2+the presence of Mg , the bulk of the activity in the first 
peak of material may be ascribed to plasma membrane vesicles. 
In the presence of EDTA, very little activity is detected in 
the first two or three fractions, containing the soluble
material of the sample region; as the assay conditions
were such as to preserve the RNase inhibitor, considerable
amounts of supernatant alkaline (pH 7.8) RNase remained
undetected (cf. Burge, 1973). The complex pattern of
RNase activity across the remaining portion of the
slov/ly-sedimenting material is due to mitochondrial and
lysosomal alkaline RNases. These include the
5 T-endonuclease of mitochondria (Morais, 1969) and the
alkaline (pH 7.8) RNases of mitochondria and lysosomes
(Burge, 1973). Some of the alkaline RNase activity in
2+the presence of Mg may also be due to the small 
proportion of the p.m. which co-sediments with mitochondria 
in the form of small sheets (Hinton et al., 1970).
The distribution of alkaline PDase, assayed in 
2+the presence of Mg , clearly parallels the distribution
of 5 1-nucleotidase, the marker enzyme for p.m.; however,
slightly more activity is present in the mitochondrial
region than would be expected from the distribution of
2+
5*-nucleotidase. As expected from the Mg -activation
curve (Fig.Ill.6b), PDase activity is barely detectable
when assayed in the presence of EDTA.
(b) Purity and yield of alkaline ribonuclease and 
phosphodiesterase at different stages in the 
purification of p.m. fragments
The purpose of these studies was to enable
assessment to be made of that proportion of the cellular
alkaline RNase and PDase activity which is due to the p.m.
The p.m. fraction as isolated by zonal centrifugation was
further purified by flotation (*purified* p.m. fraction)
mas described in section A of this chapter. As reported 
by Hinton et al.(1970) this results in a substantial 
increase of purity (Table III.2) as judged by 5 1-nucleotidase 
activity; the low activities of the other two marker enzymes, 
succinate dehydrogenase and glucose-6-phosphatase, indicate 
very low levels of contamination of the purified p.m. 
preparation by mitochondria and endoplasmic reticulum. The 
marker enzyme for lysosomes, acid phosphatase, was not 
assayed in these experiments, since purified p.m. fractions 
obtained by this procedure exhibit very low acid phosphatase 
levels (Hinton et al., 1970) and, as reported above, low 
acid RNase and acid PDase activities (see paragraph B.l 
above).
When the zonal membrane fraction was further 
purified by flotation, the alkaline PDase remained largely 
associated with the p.m. and was purified in parallel 
with 5 1-nucleotidase. While 90% of the 5 1-nucleotidase 
in the zonal p.m. fraction was recovered in the purified 
p.m. preparation, only 54% of the PDase was found in the 
floated material.
A complex pattern is displayed by the results 
for RNase activity. At pH 8.7 with 7.5mM MgCl^ present 
in the assay, 83% of the activity in the zonal p.m. fraction 
co-purified with 5 1-nucleotidase. When the RNase was
assayed at pH 7.8 in the presence of 5mM MgCl^, only 54% 
of the activity was found in the purified p.m. preparation.
Legend to Table III.2
Purity and yield of marker enzymes, phospho­
diesterase and ribonuclease _ at successive stages
in the purification of normal-liver plasma membrane 
fragments.
The results are given as means + standard error 
of the mean^ with numbers of preparations in 
parentheses). Specific activities ('SA*) are given as 
fimol/min per g protein except for phosphodiesterase 
and ribonuclease. The values for phosphodiesterase are 
given as ytg p-nitrophenol released/min per g protein; 
those for ribonuclease represent for acid-soluble
material (notionally in 1ml)/min per g protein. Yield 
and relative specific activity (*RSA*) values refer to 
the homogenate taken as 100% and unity respectively.
The figures at the head of each column for ribonuclease 
refer to the pH of the assay and the concentration of
Mg Cl^ or EDTA present in those assays e.g. 'pH 8.7;
2+7.5mM Mg * refers to riborimclease activity assayed at 
pH 8.7 in the presence of 7.5mM MgCl^.
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A striking loss of EDTA-resistant RNase activity was 
evident on flotation; almost 85% of the activity at pH 8.7, 
and 90% of the activity at pH 7.8, were lost on flotation. 
This suggested that the EDTA-resistant RNase activity could 
be due to contamination of the zonal p.m. fraction by the 
alkaline RNases of the supernatant and mitochondria which 
are trapped inside the membrane sheets and are released 
on re-homogenisation (Hinton et al., 1970).
In the experiments in which RNase activity at 
pH 7.8 was assayed in the presence of EDTA, study was made 
of the distribution of material after flotation (Table III.3) 
The values represent means, derived from two separate 
experiments. The following points may be made about these 
results:
(i) The specific activities of most of the enzymes 
i.e. 5*-nucleotidase, PDase and RNases were markedly 
higher in one purified p.m. preparation than in the other. 
Thus, in the first preparation, 5 1-nucleotidase specific 
activity was 1290 jimol/min/g protein, representing a 
22-fold enrichment over the homogenate, while in the second 
preparation, the value was 2180 pmol/min/g protein, a 
34-fold enrichment. The other enzymes mentioned above 
showed similar consistent differences between the two 
preparations.
In the zonal p.m. fractions, the differences 
were also consistent but were much less pronounced e.g.
is I
5 1-nucleotidase activity was 1110 ^ umol/min/g protein 
(19-fold enriched) in the first preparation and 1370 
^imol/min/g protein (21-fold enriched) in the second. In 
the pellets obtained after flotation, however, enzyme 
activities differed little between the two preparations.
These differences are largely explained by the 
observation that, in the first preparation, 73% of the 
recovered protein and 85% of the 5 1-nucleotidase floated 
into the purified p.m. fraction, while in the second 
preparation the corresponding values were 53% and 91%.
The most probable explanation is that the perfusion in 
the first, less-purified preparation was less efficient 
than in the second preparation. The contaminating 
enzymes glucose-6-phosphatase and succinate dehydrogenase 
were very low in both preparations.
(ii) In contrast to the values obtained for specific 
activity, the proportions of a given enzyme activity in 
the zonal p.m. fraction which separated into the purified 
p.m. or the pellet during flotation were very similar 
in both experiments. Typically, the values for a given 
enzyme activity differed by about 10-15% between the 
two preparations. There was no consistent pattern in 
these variations for different enzymes. As discussed 
in (i) above, protein distribution was exceptional.
These results are complicated by the observed 
over-recovery of several components (Table III.3). This 
suggests that the activities in the zonal p.m. fraction may
Legend to Table III.3
Distribution of marker enzymes, ribonuclease and 
phosphodiesterase activities after flotation of plasma 
membrane fractions from the zonal rotor.
Specific activities (1SA1) are as described in ifche 
legend to Table III.2. The •yield* refers to the amount 
of each activity in each fraction, taking the * zonal * 
membranes fraction as 100%. ’Recovery* is the total 
amount of each activity as measured after flotation,
(i.e.-purified membranes + pellet). Values represent 
the means of two different experiments, except figures 
denoted (*) where data for the * zonal * fraction were 
incomplete in one experiment.
’RNase assayed at:..(e.g.).. pH 8.7, 7.5mM
2+Mg * refers to ribonuclease activity measured at pH 8.7 
in the presence of 7.5mM MgCl^.
Phosphodiesterase activity was measured at 
pH 8.7 in the presence of 5mM MgCl^.
Abbreviations : AMPe.se, 5 * -nucleotidase ; G6Pase, glucose-
-6-phosphatase; Succ. D ’ase, succinate-INT dehydrogenase ; 
PDase, phosphodiesterase activity.
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Table III.3.
Fraction
1Zonal* ’Purified*
Membranes Membrane Pellet Recovery
Enzymes SA Yield SA Yield SA yield
AMPase 1237 (100) 1736 91.7 616 19.5 - 111.2
GôPase 42.2 (100) 29.6 46.8 36.9 38.7 85.5
Succ.D* ase 13.4 (100) 1.14 7.7 16.8 51.2 58.9
PDase 7740* (100)* 9032 82.4* 3356 22.9* 105.3*
RNase, 
assayed at :
pH 8.7; 2+ 
7.5mM Mg
993 (100) 1287 87.7 640 24.9 112.6
pH 8.7; 
7.5mM EDTA
371 (100) 202 29.0 205 28.7 57.7
pH 7.8^+
5mM Mg
927 (100) 1089 79.6 648 27.1 106.7
pH 7.8; 
5mM EDTA
822* (100)* 134 14.9* 339 27.6* 42.5*
have been underestimated in some way, although there is no 
obvious explanation for this. However, the general 
pattern of the distributions is clear. The different 
activities can be divided into two groups on the basis 
of their behaviour during flotation i.e.:
(i) those enzymes which are distributed as one would 
expect for p.m. enzymes^ i.e.5*—nucleotidase, PDa.se and 
RNase assayed at either pH value in the presence of
(ii) enzymes which do not behave essentially as p.m. 
constituents^ i.e. glucose-6-phosphatase, succinate 
dehydrogenase, and RNase assayed in the presence of EDTA.
The enzymes in Group (:( ) all exhibit slight 
over-recovery and show essentially the same distribution 
after flotation. There is little evidence for a specific 
loss of PDase from the purified p.m., but the recovery 
value is derived from only one experiment.
Enzymes in group (ii), however, all exhibit 
marked under-recovery on flotation. This observation 
may readily be explained as being due to material which was 
discarded with the aense sucrose layer after flotation. 
Thus, the data for glucose—6-phosphatase indicate that some 
(smooth) endoplasmic reticulum floated, while some (rough) 
sedimented into the pellet ; the remainder was discarded 
with the sucrose. Succinate dehydrogenase activity was 
found largely in the pellets. While about 40% of the 
mitochondria would also appear to have been discarded/
■/Sff
the low activity of succinate dehydrogenase in the 
various fractions renders the figures somewhat unreliable.
The most interesting observation, however, is the 
poor (about 50%) recovery of the EDTA-resistant RNase 
activities. This suggests that, indeed a considerable 
amount of soluble RNase activity has been discarded. In 
view of the data for the enzymes in group(i ), this loss of 
EDTA-resistant RNase is unlikely to have been due to elution 
of some intrinsic p.m. component during rehomogenisation 
and flotation.
Further evidence for the distinction of the RNase
24-
activities assayed in the presence of Mg from the 
EDTA-resistant RNase activities was found inadvertently in 
a repeat of the experiments shown in Table III.3. While 
the data obtained in this experiment for marker enzymes 
and EDTA-resistant RNase activities were very similar to 
those reported in the Table, RNase activities assayed with
04 -
Mg present showed marked decreases (about 60%) in the 
activity expected for purified p.m. preparations. Recovery 
in the flotation step of the RNase activities in the presence
24-
of Mg was about 40-50% that in the zonal p.m. fraction.
The PDase activity was markedly affected; only 23% of the 
activity in the * zonal* membrane fraction was recovered in 
the purified p.m., with a further 4-5% being found in the 
pellet. For 5*-nucleotidase, the corresponding values 
were 97% and 3%. It was concluded that some unknown
contaminant had destroyed part of the activities present 
in the purified p.m. preparation. A notable feature was 
the alteration in the extent of stimulation of RNase
24-
activity by Mg ; this p.m. preparation was activated only 
5.4-fold by 7.5mM MgCl vs, 7.5mM EDTA, at pH 8.7 (usual 
value, 12-15-fold) and only 1.6-fold at pH 7.8, by 5mM 
MgClg (usual value about 8-fold). Inactivation of various 
enzyme activities occurred occasionally during these 
studies ; late in the work, colleagues of the author 
discovered that the detergent used for cleaning glassware 
('Decon 75*) sometimes precipitated in minute quantities 
in the equipment. After a change to another detergent 
(*Decon 90*) no further problems were noted.
3 . Supplementary studies
(a) Ribonuclease and phosphodiesterase activity after 
solubilisation of p.m. fragments by detergents
The similarity of the properties of the RNase 
and PDase suggested that the activities may be due to the 
same enzyme. Attempts were made to solubilise the 
membranes and separate different components as described 
by Dulaney and Touster (1970). Purified p.m. preparations 
were dissolved in 1% Triton X-100, 0.1M Tris-HCl, pH 8.8, 
at a concentration of approximately 0.5-1.Omg p.m. 
protein/ml. After centrifugation in an MSB 8x14ml angle 
rotor for 1 h at 65,000 rev/min (263,000^), between 60 
and 70% of the protein, and 75-80% of the RNase and PDase 
activities of the solubilised membranes were found in the 
supernatant. Solubilisation activated both enzymes by
about 20%. When aliquots of these supernatants were 
placed onto polyacrylamide gels and subjected to 
electrophoresis, as described by Bulaney and Touster (1970), 
no protein entered the 7% running gels ; a small amount 
of protein entered the 4% stacking gel. Trial of 1%
sodium deoxycholate (DOC), and Triton X-100-D0C (0.5%+l%) 
mixtures failed to improve the separation. It was 
concluded that the fragments produced when the p.m. 
preparation was solubilised were too large to enter the 
gels. These early experiments were carried out on 
material isolated from the livers of 12-14 week old rats.
Samples of detergent-treated p.m. were then 
subjected to sucrose gradient centrifugation. In most 
experiments, 1purified* p.m. were made 1% with respect to 
Triton X-100 and 0.1M in Tris-HCl, pH 8.5. After removal 
of insoluble material as described above, 1ml aliquots 
(containing 0.6 to.0.8mg protein) were centrifuged as 
described in the legend to Fig.III.8. In this experiment, 
samples of the same p.m. preparation were treated with 
1% Triton X-100 (a), 0.5% Triton X-100, 1% sodium 
deoxycholate (b) and 1% sodium deoxycholate (c). The 
A^g^ the displaced gradient is shown in (c); no 
difference was noted between the different gradients. The 
wavelength used, 295nm, was the shortest at which the 
spectrophotometer could be zeroed owing to the absorbance 
due to the Triton X-100 present in the gradient.
In (a), the phosphodiesterase activity and about
/5S-
Legend to Figure III.8
Distribution of ribonuclease and phosphodiesterase 
activity after centrifugation for 12.5 h at 30,000 rev/min 
in a 3x23ml swing-out rotor of a preparation of *purified* 
plasma membrane treated with detergents.
A purified p.m. preparation was collected by 
centrifugation at 133,000g for 60 min and resuspended in 
0.1M Tris-HCl pH 8.5 at a concentration of about 2mg 
protein/ml. To aliquots of this preparation were added 
an equal volume of (a) 2% Triton X-100, 0.1M Tris-HCl 
pH 8.5; (b) 1% Triton X-100, 2% sodium deoxycholate,
0.1M Tris-HCl pH 8.5; or (c) 2% sodium deoxycholate,
0.1M Tris-HCl pH 8.5. After removal of insoluble material, 
1ml samples were layered on 0.1-0.4M sucrose gradients 
containing the same concentrations of detergent and 
Tris-HCl, pH 8.5, as the samples.
%— X , Ribonuclease activity assayed at pH 8.7 in the 
presence of 7.5mM MgCl^;
0 — — O, phosphodiesterase activity assayed at pH 8.7 in 
the presence of 5mM MgCl^.
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70% of the RNase activity are in a single peak sedimenting 
in the central region of the gradient. A small peak of 
activity is also apparent at the end of the gradient.
This was noted in other runs similar to the one shown, but 
the precision of the RNase assay is such that this small 
peak could be due to Tscatter1 (the small volume of the 
fractions allows of only single assays and blanks).
In Fig.III.8 (b), the sample was treated with 
0.5% Triton X-100+1% deoxycholate; the pattern is essentially 
the same as that obtained with Triton X-100 treatment.
The apparent peak of activity in fraction 2 of experiment (b), 
is almost certainly due to assay error ; the blank value 
for this tube was abnormally low.
When 1% deoxycholate was used alone, as shown 
in Fig.Ill.8(c), certain assay problems arose. At the 
concentrations in the assay medium, a precipitate of magnesium 
deoxycholate was formed. This caused a decrease in the 
apparent activity of the PDase, but it is still clearly 
concentrated in the same region of the gradient as in 
runs (a) and (b). A gel was formed when the RNase assay 
was terminated by addition of the precipitant ; this gel 
could not be adequately separated by centrifugation, and 
no readings were obtained. (It is interesting that this 
did not occur in run (b); presumably the Triton X-100 
increases the solubility of deoxycholate. This may prove 
useful in that addition of Triton X-100 to assay media 
may permit analysis of samples containing deoxycholate 
under conditions where precipitation would otherwise occur).
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The observed similarity of the sedimentation 
patterns of the two activities after detergent treatment 
suggested that the activities may be due to the same 
enzyme. However ? it was also possible that the activities 
resided in large, heterogenous fragments or micelles. In 
the absence of data for the density or the molecular 
weight of the fragments, no estimate of size may be made.
A large-scale rate separation of Triton X-100 - treated 
p.m. was therefore carried out in the BXIV titanium zonal 
rotor, to enable other enzymes to be assayed. As the 
high concentration of Triton X-100 precluded assay of 
inorganic phosphate, only enzymes releasing p-nitrophenol 
could be assayed. Acid and alkaline p-nitrophenyl 
phosphatases were chosen, purified p.m. having been shown 
to exhibit these activities (Hinton, 1970; Emmelot et al., 
1964).
The results of this experiment are shown in 
Fig.III.9. Acid p-nitrophenyl phosphatase was apparently 
totally inactivated by detergent treatment. It should be 
pointed out that this experiment was terminated prematurely. 
Left overnight at 47,000 rev/min, the centrifuge was 
found running at 35,000 rev/min in the morning, after 11 h. 
Also, a vacuum fault had developed, and the gradient had 
to be displaced before the RNase and PDase activity had 
sedimented as far as intended. However, the distribution 
of RNase and PDase activities is essentially identical 
to that obtained in the small-tube experiments. There 
is evidence for an 'excess' of RNase activity at the dense
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Figure III.9
Distribution of ribonuclease, phosphodiesterase and 
alkaline phosphatase activity after centrifugation 
for 11 hat 37,000 rev/min in a BXIV Ti zonal rotor of 
a preparation of 'purified* plasma membrane treated 
with 1% Triton X-100.
The gradient (450ml) was linear with volume from 0.1 
to 0.4M sucrose, containing 1% Triton X-100, 0.1M 
Tris-HCl pH 8.8.
X K , Ribonuclease activity assayed at pH 8.7 in the 
presence of 7 . 5mM MgCl^, ; O — — O , phosphodiesterase 
activity assayed at pH 8.7 in the presence of 5mM MgCl^;
, alkaline phosphatase (p-nitrophenyl phosphate as 
substrate) assayed at pH 8.7 in the presence of 5mM MgCl .
end. of the gradient, as in the small—tube experiments, 
but some analytical problems arose in this region. Both 
expérimentais and blanks gave very high measurements,
and there was considerable variation between the duplicates 
The gradient was also turbid in this region. Despite this 
there is still evidence for some RNase activity at the 
end of the gradient which sediments differently to the 
PDase activity. Alkaline phosphatase activity exhibits 
s. distinctly different pattern to the other two activities i 
a spread of activity is apparent in the upper regions of 
the gradient, but 60% of the total activity is found in 
the last 8 fractions. This indicates that the RNase and 
PDase activities are at least located in fragments of the 
p.m. which respond differently to detergent treatment 
from those containing alkaline phosphatase activity.
Assay of the protein in the three peak fractions (7-9) 
indicated that both the RNase and PDase exhibited about 
an 8-fold higher specific activity than in untreated 
plasma membranes. Both enzymes were activated by treatment 
with Triton X-100; the mean, + standard error of the 
activation was 17+3.6% (3 observations) for the RNase, and 
22+4.5% (4 observations) for the PDase.
It had been intended to apply other approaches to 
the material isolated by the zonal run, e.g. DEAE-Sephadex 
chromatography, which has proved useful in separating other 
RNases (Nodes et al., 1962). However, when the gradient 
was reassayed, to obtain more precise data about the peak 
of RNase near the end of the gradient, very little activity
I6if-
was detected. Over 95% of the peak activity appeared to 
have been lost during 5 days storage at -10°. The 
activities in the solubilised material would thus appear 
to be considerably less stable than the activities in 
untreated membranes (cf. Table £0..lb) .
(b) Studies on the products formed by the ribonuclease 
of purified plasma membrane preparations
Attempts were made to characterise the mode of 
action of the RNase by Sephadex-G25 gel filtration 
(Birnboim, 1966). The void volume of the column, 
equilibrated with 0.15M NaCl-5mM Tris-HCl, pH 7.5, was 
estimated using Blue Dextran 2000. A sample of the 
purified, high-molecular weight RNA obtained from 
Calbipchem (*Calbiochem* RNA) eluted in the same volume 
as the Blue Dextran 2000 (Fig.Ill.10a).When AMP was 
included in the sample, this eluted about 10ml later than 
the RNA. However, when the RNA sample was heated at 
100° for 5 min and then rapidly cooled before being loaded 
onto the column, considerable amounts of material eluted 
after the void volume. This indicated, that the RNA 
strands contained areas of secondary structure which concealed 
breakages in the chains. As boiling was to be tried to 
inactivate the enzyme, this substrate was evidently 
unsuitable. .. A sample of yeast transfer RNA (t-RNA) was 
obtained from Boehringer, Ltd. This eluted at the void 
volume (Fig.Ill.10b) whether or not it had been 
heat-treated. This substrate was used in further studies, 
and was always heat-treated before use.
Attempts were then made to find a means by which 
the RNase of purified p.m. preparations could be
Legend to Figure III.10
Sephadex G-25 gel filtration of substrates, 
and of a sample from an unincubated assay after treatment 
with diethyl pyrocarbonate and heating.
The column (0.9x21.5 cm) was equilibrated and 
eluted with 0.15M NaCl, 5mM Tris-HCl, pH 7.2. The void 
volume was 5.2ml, as determined with Blue Dextran 2000. 
Sample volume was 1ml and the flow-rate was 30ml/h.
(a) ---, Elution pattern of 40ug of Calbiochem RNA and
0.75 A26q unit of AMP dissolved in 1ml of elution buffer ;
  , elution pattern of Calbiochem RNA after heating
at 100° for 5 min and rapidly cooling before application 
to the column.
(b) — , Elution pattern of 40ug of Boehringer t-RNA and
0.75 ^260 AMP. The position of the RNA was not 
altered by heat-treatment as in (a).
(c) Pattern obtained after chromatography of a aliquot from 
an unincubated assay. An aliquot (0.2ml) of a standard 
RNase assay (t-RNA as substrate) was diluted to 2.5ml with 
elution buffer and 0.1ml of diethyl pyrocarbonate was 
added. After vigorous shaking for 5 min, the sample was 
heated at lOOc for 5 min and then rapidly cooled. An 
aliquot (1ml) was then applied to the column.
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inactivated without precipitation, so that aliquots of 
the diluted assay mixture could be applied directly to 
the column. After a limited digestion with an 
exonuclease, the great bulk of a high-molêcular-weight 
substrate should elute at the void volume ; only 
mononucleotides should appear later. Endonuclease 
activity would result in the appearance of oligonucleotides 
throughout the 10ml of eluate following the void volume 
(Birnboim, 1966). This procedure entails inactivation 
of the enzyme prior to application of aliquots from the 
assay to the column. However, when mixtures containing 
purified p.m. and t-RNA but not subjected to incubation 
were studied, the RNase activity appeared to be quite 
stable. Boiling for 5 or 10min failed to inactivate the 
enzyme, which continued to degrade the substrate during 
the chromatographic separation, leading to a smear of 
material being present throughout the eluate, even when 
incubation had been omitted.
Treatment with diethylpyrocarbonate (Weeks and 
Marcus, 1969) at saturating concentrations followed by 
boiling, also did not appear to prevent degradation of RNA 
(Fig.Ill.10c), the pattern being virtually identical to 
that obtained when the mixture was merely boiled as 
described in the previous paragraph. This, however, may 
have been at least partly due to degradation of RNA by 
the diethyl pyrocarbonate, which can cleave RNA by ring 
scission of adenine residues (Parish, 1972). It was
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considered that a better inactivating agent would be necessary 
to enable these studies to be completed.
C. Isolation of p.m. fragments from hepatomas
1. Distribution of 5 ^nucleotidase activity after 
zonal centrifugation of hepatoma homoqenate
Previous studies by Hinton (1970) had shown that 
the large sheets of p.m. deriving from several adjacent 
cells, such as can be separated from the crude nuclear 
fraction prepared from liver homogenates, were absent 
from homogenates of transplants of the rapidly growing 
hepatoma *UA* . At the time when there appeared the 
primary hepatoma from which was derived the ’WD1 transplant 
used in most of the studies now reported, it was considered 
worth while to examine the size of the p.m. fragments 
produced by gentle homogenisation. The primary did not 
appear until some 12 to 14 months after cessation- of 
ethionine feeding, and it was thought possible that the 
tumour might be of *minimal deviation1 type (Potter, 1964), 
sufficiently like liver to allow p.m. sheets to be isolated 
by the procedures developed by Hinton et al. (1970). After 
samples of the primary hepatoma had been removed for 
transplantation, the remaining tissue was homogenised in 
0.12M sucrose, 5mM NaHCO^ pH 7.5. The concentration of 
sucrose was chosen such as to lyse the bulk of the 
erythrocytes, which otherwise aggregate with p.m. sheets 
in the gradient (Hinton et al., 1970), whilst favouring 
the preservation of nuclei, which are more fragile than
ié<?
mO'OSM sucrose
erythrocytes^ (Hinton, 1970). The filtered homogenate was 
then centrifuged for 80 min at 3700 rev/min in the AXII 
zonal rotor.
The pattern obtained after centrifugation had 
several interesting features (Pig.III.11). The bulk of 
the material loaded has hardly separated from the sample 
region (fractions 2-4). Almost 60% of the 5 1-nucleotidase 
activity is found in the first 7 fractions, as if it were 
present as vesicles of microsomal size. In the region 
where one would expect p.m. fragments (fractions 21-24), 
only about 4% of the 5 1-nucleotidase activity was found.
The purification in this region was only 3-fold, relative 
to the homogenate specific activity. In contrast to the 
pattern obtained with liver, (e.g. Fig.III.7), there is a 
significant amount of 5 1-nucleotidase activity present in 
the intermediate region of the gradient. Fractions 
8-12 ('mitochondrial* region), and fractions 13-20, 
contained 4.5% and 2.8% respectively, of the total 
5'-nucleotidase activity in the gradient. Very little 
activity is found in these regions when normal liver is 
studied (Hinton, 1970). The remaining activity is present 
in the aggregated material at the end of the gradient. Most 
of the lysosomes, as judged by acid phosphatase activity, 
have hardly separated from the microsomal region, although 
there is a spread of activity throughout most of the 
gradient (cf. Fig.III.7). The distribution of endoplasmic 
reticulum fragments, as judged by glucose-6-phosphatase
Legend to Figure III.11
Pattern obtained by centrifuging a homogenate 
of the primary hepatoma (WD) in an AXII rotor for 80 min 
at 3,700 rev/min.
The sample was 30 ml of a 10% homogenate 
prepared in 0.12M sucrose, 5mM NaHGO^.
Symbols used are: ----, protein (mg); --- ,
density (g/ml at 5°); 0—0 , 5 1 nucleotidase (^mol/min);
Q  0 , glucose-6-phosphatase (pmol/min); @— * ,
acid phosphatase (^imol/min) . Values for protein and 
enzymes refer to the total amount per fraction.
Abbreviations are as in Fig.Ill.7, e.g.1AMPase1, 
5 1-nucleotidase.
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activity, exhibits one particularly interesting feature, 
a peak of activity in the *mitochondrial* region. (While 
the assay for succinate dehydrogenase gave low results 
which were very scattered, presumably due to some 
contaminant in the tubes used, the location of the 
mitochondria is indicated by the protein peak in fractions 
8-12). The amount of glucose-6-phosphatase activity in 
this region is considerably greater than that in normal 
liver. Coupled with the smaller size of the mitochondria 
this observation pointed to certain problems in the 
isolation of the p.m. fragments, as will be seen.
On the basis of this experiment, and the earlier 
observations of Hinton (1970), it was concluded that the 
AXII rotor was not a suitable tool for the isolation of 
p.m. fragments from hepatoma. Effort was concentrated 
on isolation of the material responsible for the spread of 
5 *-nucleotidase activity sedimenting faster than lysosomes 
The faster HS zonal rotor seemed to be the requisite tool 
for this task.
2. Zonal centrifugation of the nuclear + mitochondrial 
fraction.
(a) Conditions for homogenisation of the tumour tissue
As noted above, the use of 0.12M sucrose in the
homogenising medium appeared to lead to extensive nuclear
lysis. The use of 2mM CaCl^-lmM NaHC0o, as applied to
hepatoma by Emmelot and Benedetti (1967), led to total
nuclear lysis with the hepatomas used in these studies.
An intractable nucleoprotein gel resulted which prevented 
any subsequent separation. Similar problems were
encountered when 0.08M sucrose-2mM CaCl was used. The 
use of 0.12M sucrose—2mM CaCl^, however, appeared to afford 
considerable protection to nuclei, while still causing 
extensive lysis of erythrocytes. This medium was used 
in the early studies reported in the next section.
(b) Distribution of material in the zonal gradient
The sample for the zonal run was obtained by 
centrifuging the homogenate, prepared as described above, 
at 9,300 rev/min (10,000g) for 10 min in the 8X50ml rotor 
of a High-Speed 18 centrifuge (MSB,Ltd); the resultant 
pellet was resuspended in the homogenising medium using 
6-8 strokes of a hand-operated Teflon-glass homogeniser 
to give a suspension containing material from 0.2-0.3g 
of tumour per ml. The sample, in a volume of 20-25ml, 
was then introduced into the HS rotor, which had 
previously been loaded with the gradient (Gradient HSII, 
see Appendix), and then was overlaid with 40-50ml of 0.08M 
sucrose. All solutions contained 5mM NaHCO , pH 7.5, but 
not eaci2 .
The distribution of material in the gradient 
after centrifugation for 90min at 9,000 rev/min is shown 
in Fig.III.12. The gradient (type *HSII*) is a complex 
1 double exponential* type, designed to band the p.m. 
fragments near their isopycnic density while allowing 
sufficient space for their separation on a rate basis from 
microsomes and lysosomes. Considerable amounts of lipid 
floated up from the sample region to the centre of the rotor.
19-4-
Legend to Figure III.12
Pattern obtained by centrifuging a nuclear + 
mitochondrial fraction from hepatoma WD in an HS rotor 
for 90 min at 9,000 rev/min.
Symbols used are as in Fig.III.11,e.g. ---,
densityj succinate dehydrogenase activity.
 , Absorbance at 650nm.
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The first main peak (designated, region ,i* in the Figure) 
is due to very slowly sedimenting soluble and microsomal 
contaminants which have not moved significantly from the 
sample region. Lysosomes are spread in a broad band 
between the sample region and the second protein peak.
The early part of this second peak (region ,3 t) is mainly 
due to p.m. fragments, as indicated by the considerable 
activity of 5 1-nucleotidase and the low activity of the 
other subcellular •markers*. The large peak at the dense 
end of the gradient (region *5*). contains nuclei, whole 
and broken cells, much aggregated material, and most of 
the mitochondria. Between this peak and the preceding 
p.m. peak is a region (region ,4 I) which contains 
considerably more protein than can be explained by the 
relatively small amounts of marker enzymes which are found 
there. In one experiment (not illustrated) in which 
severe aggregation resulted in almost the whole of the 
sample banding against the cushion, this band of material 
was relatively little diminished, containing almost the 
same proportion of the protein of the sample as in runs 
where the sample remained unaggregated. This material 
appears amorphous on phase-contrast microscopy and may be 
due to membranous remnants from necrotic areas of the 
tumour. The unexpectedly high density of the mitochondria 
is presumably due to calcium-induced shrinkage.
While the p.m. region is clearly separated from 
the microsomes at the beginning of the gradient and the 
mitochondria at the end, there is some contamination by
amorphous material and by rapidly-sedimenting lysosomes.
The glucose-6-phosphatase activity in the p.m. region may 
be ascribed to endoplasmic reticulum fragments carried by 
the mitochondria (which themselves have sedimented through 
to the end of the gradient), to endoplasmic reticulum 
fragments trapped in the p.m. sheets, or simply be due to 
large sheets of endoplasmic reticulum (Lewis and Tata,1973). 
The distribution of material in the gradient is summarised 
in Table III.4. The poor overall recovery of material 
from the zonal rotor was due to large aggregates being 
trapped within the rotor. Some of this 'lost' material 
was also found adhering to the outer wall of the rotor.
The prolonged centrifugation was judged necessary for the 
removal of mitochondria from the p.m. region, as assessed 
by visual inspection through the transparent rotor during 
centrifugation. This resulted in nuclei and aggregates 
heavier than nuclei sedimenting through the cushion of 
2M sucrose.
A further problem in these early experiments was 
the apparently poor recovery of 5 '-nucleotidase. In a 
series of five experiments on hepatoma, gross under-recovery 
(as low as 20% in one experiment) was correlated with 
unexpectedly high activity in the homogenate and the fractinn 
loaded onto the rotor. A similar problem is apparent in 
the results of Burge and Hinton (1971 ) who studied liver 
mitochondria and lysosomes. It thus seemed possible that 
the problem was due to interference by non-specific (acid) 
phosphatase. This would be released in the homogenate
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mand starting fractions, which were deliberately diluted 
with water prior to assay, but not in the fractions from, 
the zonal gradient, most of which would be hypertonic even 
when diluted in the assay mixture. Acid phosphatase is 
inhibited by lOmM Na(+) tartrate (El-Aaser and Reid, 1969); 
this was accordingly added to the assay medium. Fresh 
dilutions were prepared from tissue aliquots which had 
been stored at -20° and these were re-assayed in the 
presence and absence of tartrate. In the original assays 
on fresh tissue, the specific activity values for five 
different homogenates averaged 77 +5 ^moles/min/g protein; 
re-assay in the absence and presence of tartrate gave 
values of 91 +4, and 58 *2 jimoles/min/g protein respectively. 
For the nuclear + mitochondrial fractions derived from these 
homogenates, the values were 137 +4 (original assay),
144 +4 (re-assay without tartrate) and 104 +2 ^ pmoles/min/g 
protein (with tartrate). It seems reasonable to conclude 
that the increase on re-assay in the absence of tartrate 
was due to further release of acid phosphatase on freezing 
and thawing. Therefore lOmM Na(+) tartrate was routinely 
included in the assay medium for 5 1-nucleotidase. It is 
interesting to note that in de Duve1s laboratory, the 
apparent 5 1-nucleotidase activity of a variety of 
hepatomas is maximal at pH 5, in the absence of tartrate 
(Dr.P.Tulkens, personal communication).
Although the procedure using the 
nuclear +• mitochondrial fraction gave p.m. preparations
with purifications up to 10-fold and in yields up to 8%,
94-
the method was not reproducible. The Ca in the 
homogenising medium did not completely prevent nuclear 
lysis, and also afforded some protection to contaminating 
erythrocytes, such that aggregation between these intact 
erythrocytes and p.m. fragments was a major problem.
Table III.5 summarises the yield and purifications of 
various marker enzymes after separation of p.m. fragments 
by this method. It was concluded that improvement of 
the separation hinged on the prevention of nuclear lysis 
while yet removing the intact erythrocytes which were 
vitiating the p.m. preparations by causing aggregation.
3. Zonal centrifugation of * mitochondrial * fractions
(a) Distribution of material in the zonal gradient 
It seemed a reasonable supposition that 
homogenisation in isotonic sucrose, which would tend 
to preserve nuclear integrity, would allow of better 
separations, provided that the bulk of the erythrocytes 
could be removed before pelleting of the sample for the 
zonal run. Accordingly, homogenates were prepared in 
0.25M sucrose, 2mM CaCl^. Light microscopy of aliquots
stained with toluldine blue indicated that nuclear lysis, 
while still present, was considerably reduced. A series 
of samples were centrifuged at low speed for varying times 
the resulting supernatants were then centrifuged at 
10,000g for 10 min. Visual inspection of the bottom of 
the pellets thus obtained allowed of an assessment of the
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minimum time necessary to remove the bulk of the 
erythrocytes from the homogenate. It was found that 
centrifugation at 400g for 5 min resulted in removal of 
most of the erythrocytes and nuclei; assay of 
5 '-nucleotidase activity revealed that about 30% of the 
total activity was present in the 'mitochondrial' fraction 
prepared by centrifuging the resultant supernatant at 
10,000g for 10 min. If Ca^ ions were omitted, the yield 
of 5 *—nucleotidase fell to about 20%. Longer centrifugation 
was required to remove the erythrocytes, and this further 
reduced the yield of 5 *-nucleotidase.
Figure III.13 shows the distribution of material 
after centrifugation of a mitochondrial fraction in the 
HS rotor. The medium used for homogenisation and 
resuspension was 0.25M sucrose, 2mM CaCl^, 5mM NaHOO , 
pH 7.5. The distribution of material is very similar to 
that found with the nuclear + mitochondrial fraction 
illustrated.in Fig.Ill.12, except that, as expected the 
amount of material banded against the cushion is much 
reduced. Also, there is somewhat more 5'-nucleotidase 
activity in Region 4 (for definition of the Regions, see 
Fig.III.12) possibly due to some aggregation of p.m. 
fragments with the residual erythrocytes. Initially, at 
least, there was no fall in the proportion of the homogenate 
5 *-nucleotidase activity recovered in the p.m. region, as 
compared with the best separations achieved with the nuclear + 
mitochondrial fraction. The distribution of material in 
the gradient is summarised in Table III.6.
20
(o-o) A M P ase 
(©— ») Ac ip P'ase 
(D— 0) géPflSB 
A h) Sitcc. D'ase
10 20 
F r a c t i o n  No.
Figure III.13
Pattern obtained by centrifuging a 
hepatoma mitochondrial fraction in an HS rotor 
for 75 min at 9,000 rev/min.
Abbreviations are as given in the 
legend to Fig.IIX.7. Homogenate and sample 
were in 0.25M sucrose, 2mM CaCl^.
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As mentioned above, a small number of erythrocytes
was always left in the supernatant from the low-speed
centrifugation, but they were too few to cause extensive
aggregation of the p.m. fragments. In some experiments,
a small distinct band of erythrocytes was present in region 4.
In most experiments, however, erythrocytes were concentrated
with the aggregates at the end of the gradient. This was
thought likely to be the cause of the presence of
5*-nucleotidase activity, i.e. p.m. fragments, at the end
of the gradient. Confirmatory evidence for this was
obtained in a single experiment in which Ca2+ was omitted
from the homogenising medium (Fig.Ill.14). As expected,
the mitochondria banded mainly at their expected isopycnic
density, viz. 1.18 in contrast to the value of 1.21 observed
2+
after exposure to Ca ions. Considerable amounts of 
endoplasmic reticulum, as judged by glucosë-6-phosphatase 
activity, remained associated with the mitochondria. As 
mentioned earlier, contamination of the sample by
24-
erythrocytes was much greater in the absence of Ca , 
despite an increase in the length of the preliminary spin 
to 7 min. All the erythrocytes, as judged by visual 
inspection of the distribution of haemoglobin, and the bulk 
of the 5 *-nucleotidase activity are found in a peak at 
density 1.2. The small peak of protein at the end of the 
gradient is due to trace amounts of nuclei sedimenting into 
the cushion.
Initially, the approach entailing use of a 
mitochondrial fraction as starting-material was considerably 
more satisfactory than when a nuclear + mitochondrial
186
Legend to Figure III.14
Pattern obtained by centrifuging a hepatoma 
mitochondrial fraction in an HS rotor for 80 min at
9,000 rev/min.
The homogenate and sample were prepared in 
0.25M sucrose ; CaCl^ was omitted.
Abbreviations are as given in the legend to 
Fig.III.7.
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fraction was used. It was then seemed worthwhile to
investigate whether the p.m. fractions obtained by zonal
centrifugation could be further purified.
(b) Further purification of the plasma membrane 
fragments
When p.m. fragments from normal liver are 
vigorously homogenised and floated from sucrose of 
appropriate density, a 2-fold increase in purity results.
It seemed likely that a similar procedure would be useful 
in the case of hepatoma p.m. fragments. However5 the 
choice of flotation density is critical (Hinton, 1970). In 
a trial experiment, p.m. fractions from the HS rotor were 
pooled,* adjusted to density 1.19 and rehomogenised with 
3 strokes of a Potter-Blvehjem homogeniser with its pestle 
rotated at 2,400 rev/min. The sample thus prepared was 
loaded into a linear sucrose gradient (for details of the 
gradient, see the legend to Fig.III.15) in the BXIV 
titanium zonal rotor. After centrifugation for 2 h at
47,000 rev/min, the rotor was unloaded and the distribution 
of material examined (Fig.III.15). The results showed 
that the p.m. fragments, as indicated by 5 f-nucleotidase 
activity, form a broad band centred at density 1.16. This
is considerably lower than the density of normal liver
*
The position of the p.m. peak was adjudged by both the 
density (1.15 to 1.17) of the gradient, based on the 
earlier observations, and by assaying these fractions 
for alkaline phosphatase activity, using p-nitrophenyl 
phosphate as substrate, which afforded a rapid and 
accurate assessment of the position of the p.m. fragments.
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Figure III.15
Pattern obtained by centrifuging pooled plasma 
membrane fractions, prepared from the mitochondrial 
fraction using an HS rotor ; the re-centrifugation was 
for 2 hat 47,000 rev/min in a B XIV zonal rotor . The 
rotor was loaded with 400ml of a linear sucrose gradient 
ranging from density 1.10 to 1.195. The sample (50ml), 
adjusted to density 1.19 and rehomogenised as described 
in the text, was introduced via the edge of the rotor, 
and underlaid with 150ml of a linear gradient ranging 
from density 1.195 to 1.23; the rotor was filled with 
2M sucrose. All solutions contained 5mM NaHCO3 , 
pH 7.5.
Abbreviations as previously.••••••, Absorbance •
at 280nm.
/?0
plasma membranes (Hinton et al., 1970; Evans, 1970).
As the membranes were re-homogenised vigorously before 
banding, it is unlikely that the low density is due to 
trapped lipid droplets. A considerable amount of lipid 
was, in fact, released from the membranes by the 
re-homogenisation, and this is responsible for the A ^ 
peak at the core of the rotor.
3Lt was clear that re-centrifugation under these 
conditions results in a considerable increase in the purity 
of the p.m. fragments. Whilst 80% of the 5 1-nucleotidase 
activity is banded at a density below 1.18, only about 
30% of the protein, 30% of the glucose-6-phosphatase and 
34% of the acid phosphatase are found in this region.
The last three assays, however, are not very reliable as 
there is so little material in these low-density fractions. 
Assays on material collected by centrifugation of the 
diluted fractions for 90 min at 100,000 g indicated that 
5 *-nucleotidase was purified about 14-fold over the 
homogenate, a 2-fold increase compared with the p.m. 
fraction separated on the HS rotor. Succinate 
dehydrogenase activity was not detected in the gradient.
On the basis of this experiment, flotation from 
a density of 1.18 was chosen as optimal for the further 
purification of p.m. fragments. The technique used was 
identical to that described earlier for normal liver, 
except for the use of sucrose of lower density, i.e. 1.18.
This procedure generally resulted in a 2-fold increase
in the purity of the p.m. fragments, particularly with
regard to the removal of mitochondria (Table III.?)« The
purified p.m. collected at the interface as yellowish-orange
flakes, in contrast to the white 'sheets' obtained when
the tissue was normal liver. However, as discussed in the
next section of this chapter, the initial success obtained
using these techniques was not sustained.
(c) Problems associated with progression of the 
tumour line
Although initial results were promising, the 
tumour used progressed rapidly. In 3 generations, the 
transplant generation time fell rapidly from 12-14 weeks 
to about 6 weeks, and the tumour became markedly more 
necrotic and haemorrhagic. A fall of about 15% in the 
protein content also occurred; the increase in the 
homogenate specific activity of 5 *-nucleotidase, 
glucose-6-phosphatase and succinate dehydrogenase may be 
ascribed to this (cf. Tables III.5 and III.7). The sharp 
rise in acid phosphatase activity, however, can not.
Along with these changes, there was a progressive fall in 
the proportion of the homogenate 5*-nucleotidase which 
sedimented into the mitochondrial fraction (Table III.8% 
Although there is some variation in the proportion of the 
other marker enzymes found in the mitochondrial fraction, 
the fall in 5 1-nucleotidase activity was consistent ; from 
37% in the fourth generation, the yield fell to 24% in the 
sixth generation. This fall is reflected in the amount 
of material found in the p.m. region (region '3'). In an
Legend t_o Table III.7 . Mitochondrial fraction: purification
and yield of different marker enzymes.
Specific activities are expressed as ^moles/min/g 
protein. »RSA* denotes relative specific activity. 
Yields are %. Values following the means 
represent standard errors (and no. of observations).
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uncompleted experiment on the seventh generation, only 
18% of the 5 T-nucleotidase sedimented into the 
mitochondrial fraction; the overall yield in region 3 was 
but 3.5% of the homogenate activity, and no further 
separations were attempted. In addition to these problems, 
it was evident that the flotation procedure became less and 
less effective in removing contaminating material (Table III.9). 
In each successive generation, a successively higher 
proportion of the protein and contaminating enzymes floated.
This vitiated the p.m. preparations .as regards further study.
The increase in floating material was ascribed to increased 
amounts of debris. It was noted that the pellet of 
material at the bottom of the tubes following flotation, 
which was normally discarded, was often overlaid with a 
greenish-brown layer in later experiments, reminiscent of 
the colour of necrotic areas.
The results of an experiment on the fast-growing 
hepatoma *UA* are relevant to this discussion. This 
tumour possessed extensive necrotic areas which were 
difficult to entirely remove in the dissection, and 
although about 6% of the homogenate 5 *-nucleotidase was 
recovered in the p.m. region (Fig.Ill.16) an amount 
comparable with that obtained from the slow-growing 
hepatoma, the purification was only 4.6-fold. This 
experiment was marked by the double peak of mitochondria in 
the gradient; apparently, many of the mitochondria in this 
hepatoma are partially resistant to the shrinkage induced
Legend to Table III.8
Changes in the composition of the fractions 
as a function of transplant generation.
The values are expressed as % of the homo­
genate activity. Two observations were made on 
generations 4 and 6; the values are means. One 
observation was made on generation 5. Abbreviations 
used are as given in the Legend to Fig.Ill.12, e.g. 
«AMPase*: 5 1-nucleotidase. 'Mitochondrial fraction* 
refers to the sample loaded onto the rotor, and 
'Region 3*, the plasma-membrane peak obtained from 
the gradient at the end of the run (cf Table III.7).
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Legend to Table III.9
Variation of the efficiency of the flotation 
step in the purification of plasma membrane fragments 
as a function of transplant generation.
The values represent the proportion (as %) 
of the material present in Region 3 of the zonal 
9ra<^ ient f which floated from sucrose of density 1.18 
after centrifugation for 90 min at 133,000 g, as 
described in the text. The values for generations 
4 and 6 represent the means of two observations; 
those for generation 5 are derived from a single 
experiment.
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mLegend to Figure IIX.16
Pattern obtained by centrifuging a mitochon­
drial fraction from hepatoma ’UA* in an HS rotor for 
90 min at 9,000 rev/min.
The homogenate and sample were prepared in
0.25M sucrose, 2mM CaCl^. All solutions contained 
5mM!.JNraH00 , pH 7.5.
Abbreviations are as given in the legend to 
Fig.III.7.
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2+by Ca . A considerable amount of glucose-6-phosphatase 
is associated with this peak of mitochondria. While the
presence of this peak complicates interpretation of the 
purification of the p.m. fragments in the gradient, the 
data obtained on flotation are more easily interpreted.
While 95% of the mitochondria and 50% of the 
glucose-6-phosphatase activity were removed by flotation, 
the purification of the p.m. increased to only 6-fold over 
homogenate. Strikingly, 60% of the acid phosphatase 
activity also floated. It was therefore concluded that 
the method described above was applicable only to 
relatively 1 clean1 tumours, and that the hepatomas in this 
laboratory were now too unlike liver for this approach to 
be effective.
4. Trial of alternative homogenising procedures
In an attempt to ascertain whether the fall in
yield was due to increased difficulty in breaking the cells,
or to increased fragility of the p.m., causing it to
vesiculate, an 8th generation transplant was fractionated
by differential centrifugation. The hepatoma was divided
and portions homogenised in 0.25M sucrose in the presence
and absence of 2mM CaCl^. It was reasoned that if
increased fragility of the p.m. were at fault, the 
2+omission of Ca from the medium would result in less p.m.
sedimenting into the mitochondrial fraction and more
2+
sedimenting into a microsomal fraction than when Ca 
was included. The results, expressed as the proportion
(as %) of total homogenate 5 1-nucleotidase sedimenting 
into each fraction, are summarised here :
Fraction With 2mM CaCl^ No CaCl^
'Nuclear* 37.1 38.9
'Mitochondrial* 18.9 16.1
Microsomal 27.0 29.6
Supernatant 5.9 6.3
Clearly, there was no major change in distribution
resulting from the omission of Ca2+ from the homogenising
medium, and no firm conclusions could be drawn. The minor
changes in distribution could have been due to either or
both of the alterations considered above, complicated by
2+probably increased nuclear lysis in the absence of Ca 
ions.
Trial was then made of breaking the apparently 
fragile tumour cells by use of a *rubber-pestle* 
homogeniser, as described by Jacob and Bhagarva (1962) 
for the preparation of intact isolated hepatocytes. It 
was found that 6-12 gentle strokes of the pestle (diametric 
clearance 0.1-0.2mm) gave excellent cell breakage, as 
judged by phase-contrast microscopy. Further, the nuclei 
appeared to be well preserved. An homogenate prepared 
using the *rubber-pestle* homogeniser was examined by 
use of the AXII zonal rotor (Fig.III.17). There are 
several significant changes in the pattern obtained, as
£ô3
Legend to Figure III.17
Pattern obtained by centrifuging a hepatoma 
homogenate in an AXII rotor for 80 min at 3,700 rev/min.
The homogenate was prepared in 0.12M sucrose, 
using a *rubber-pestle* homogeniser, as described in the 
text.
All solutions contained 5mM NaHGO^, pH 7.5. 
Abbreviations are as given in the legend to Fig.III.7.
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compared with the pattern (illustrated in Fig.Ill.11) 
when a motor-driven homogeniser is used. A considerably 
greater proportion of the p.m. has sedimented into the 
gradient, as indicated by the spread of 5 1-nucleotidase 
activity up to fraction 20. About 45% of the activity 
is found in the sample region, due to unresolved 
microsomal material, compared with the 60% or so in the 
earlier experiment. A further 20% or so is spread between
fractions 7 and 16. The peak of 5 *-nucleotidase between
fractions 17 and 20 comprises a further 8% of the total 
5 ’-nucleotidase activity. It appeared, therefore, that the 
p.m. was very fragile, and that gentle homogenisation was 
necessary if good yield was to be obtained. However, the 
purification of the peak in fractions 17-20 was only 2-fold; 
considerable amounts of glucose-6-phosphatase and acid 
phosphatase were spread throughout the gradient. Interestingly, 
there is far more glucose-6-phosphatase at the end of the 
gradient than may be accounted for by non-specific aggregation. 
Bounce (1963) has noted the need for more vigorous 
homogenisation of tumours in order to remove the endoplasmic 
reticulum contiguous to the outer nuclear membrane.
It was then decided to attempt a separation 
using a mitochondrial fraction derived from an homogenate 
prepared using the rubber pestle homogeniser. By 
phase-contràst microscopy, it was evident that cell 
breakage was essentially complete after 4 or 5 strokes in 
the presence of 2mM CaCl^, probably due to stabilization
of intercellular bonds. The pattern obtained after 
centrifugation in the HS rotor of a mitochondrial fraction 
from this homogenate is shown in Fig.III.18. The pattern 
obtained is clearly very similar to that obtained with 
mitochondrial fractions prepared from 1 conventional1 
homogenates (cf. Fig.III.13). About 33% of the
5 1-nucleotidase of the homogenate sedimented into the 
starting fraction, and the overall yield in the p.m. 
region was 6% or so, comparable to the best separations 
from 1 conventional1 homogenates. The purification 
obtained was only 2.4-fold. Acid phosphatase was 
similarly enriched, while glucose-6-phosphatase activity 
was present at the same concentration as in the 
homogenate. The poor purification of 5 1-nucleotidase 
was not due to contamination of the p.m. region by 
erythrocytes ; these were banded at the end of the gradient. 
There is far more protein in the p.m. peak and subsequent 
3 or 4 fractions than can be accounted for on the basis of 
the marker enzymes studied. The broad, high-density 
spread of this ’unassigned1 protein is unlikely to be due 
to Golgi structures. Although the mild homogenisation
conditions may have preserved such structures (Morre*, 1971) , 
liver Golgi apparatus bands at a notably lower density 
(e.g. Morre', 1971).
A further problem was that of aggregation. The 
transplant used was of the eleventh generation, and was 
very haemorragic; the starting-fraction was markedly 
contaminated by erythrocytes. About 60% of the p.m.
Legend to Figure III.18
Pattern obtained by centrifuging a mitochon­
drial fraction from hepatoma in an HS rotor for 75 min 
at 9,000 rev/min.
The homogenate was prepared using the 1rubber- 
-pestle* homogeniser, as described in the text. Homo­
genate and sample were in 0.25M sucrose, 2mM CaCl^.
All solutions contained 5mM NaHOO^, pH 7.5. Abbrev­
iations are as given in the legend to Fig.III.7.
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banded at the end of the gradient, as indicated by 
5 1-nucleotidase activity. This experiment was then 
repeated using tumours which had been transplanted 
intra-pbritoneally; this reputedly gave tumours which 
contained much less connective tissue and haemorragic 
areas than subcutaneous transplants (M.R.Price, personal 
communication). However, no essential differences were 
noted from the subcutaneous transplants.
Although 40% of the homogenate 5 1-nucleotidase 
sedimented into the starting fraction in this experiment, 
only 4% was found in the p.m. region of the zonal gradient 
(not illustrated). The specific activity was the same 
as the homogenate, while acid phosphatase and 
glucose-6-phosphatase were enriched over 2-fold. When the 
material from the p.m. region of the gradient was 
collected by centrifugation for 90 min at 133,000g after 
dilution,it was noted that the larger part of the pellet 
had the greenish tinge noted earlier in the experiment on 
the rapidly-growing hepatoma, UA. This was a further 
indication of the presence of debris from necrotic cells.
At this point, it was concluded that the mitochondrial 
fraction was no longer a suitable starting-point for the 
isolation of hepatoma p.m. fragments.
5. Flotation of a p.m. fraction from hepatoma homogenates
By this stage of the study, the author was feeling
210
very frustrated, and somewhat despondent about obtaining 
a reproducible method for the isolation of hepatoma p.m. 
fragments in the limited time remaining for his studies.
The author was then preparing an introductory article on 
gradient design for zonal-rotor separations (Prosper©, 1973). 
While considering the 1 s ^  procedure* of Anderson et al.
(1966), in which particles separated by rate-zonal 
centrifugation may be further purified by isopycnic-zonal 
centrifugation (as used here in the purification of p.m. 
fragments), the author realised that he had not fully 
exploited the properties of the various subcellular 
organelles, as determined in the experiments described 
above. By starting from a conventionally-prepared 
fraction, the following pitfalls had been encountered:
(i) the starting fraction contained erythrocytes which 
caused aggregation of the membrane fragments.
(ii) the mitochondria carried considerable amounts of 
endoplasmic reticulum into the starting fraction, resulting 
in a less favourable ratio of this component to p.m. 
fragments than in the original homogenate (cf. Table III.7).
* The term 's~ ^  procedure1 is ambiguous, in that it could 
also be applied to a single centrifugation where some 
particles band isopycnically whilst others are still sedimenting 
when the run is stopped. It is therefore important that 
this term should not be used without definition.
(iii) The presence of the latter contaminant necessitated 
prolonged centrifugation to ensure that the mitochondria 
did not contaminate the p.m. region, otherwise, after 
re-homogenisation, extensive contamination of the floated 
p.m. by released endoplasmic reticulum would result.
(iv) The prolonged centrifugation resulted in marked 
contamination of the p.m. region by large lysosomes.
(v) The prolonged centrifugation also resulted in 
contamination of the p.m. by debris, possessed of a similar 
density to the p.m. fragments.
As a substantial proportion of the various 
contaminants were similar in density to the p.m. fragments, 
the flotation procedure following the zonal run was only 
partially successful. It now seemed glaringly obvious to 
the author that, if p.m. fragments could be successfully 
floated from the homogenate, the great bulk of the 
mitochondria would be removed. It might then be possible 
to separate the p.m. fragments from the remaining 
contaminants by a brief rate-zonal centrifugation. 
Accordingly, pilot studies were conducted to test this 
hypothesis, as described below.
(a) Preparation of the floated p.m. fraction
From the observations reported earlier, the 
optimum density for the flotation of p.m. fragments from 
hepatoma is 1.18. As the density of erythrocytes is 
1.19-1.2 (e.g. Hinton et al., 1970), the haemorragic 
nature of the tumours studied seemed unlikely to result
H Z
in problems of aggregation. This was tested somewhat 
stringently in this experiment, in that the 2 hepatoma 
transplants (of the 12th generation), although used when 
small (about 5g), were exceptionally bloody. In these 
and subsequent experiments, great care was taken to remove 
necrotic material, as described in Chapter II. The 
tumour tissue obtained was pooled and then divided into 
two portions and placed into about 7 volumes of 0.25M 
sucrose, 2mM CaCl^, 5mM NaHCO^ pH 7.5. One portion was 
homogenised with 6 strokes of the rubber-pestle homogeniser, 
the other by 2 gentle strokes of a Potter-Elvehjem homogeniser, 
with its pestle rotated at 900 rev/min. After filtration, 
each homogenate was adjusted to density 1.18 by the 
addition of 2M sucrose, 5mM NaHCO pH 7.5. Aliquots of 
this suspension (25-30ml) in 50ml polycarbonate tubes were 
overlaid (to fill the tubes) with 0.25M sucrose, 5mM 
NaHCO^ and centrifuged at 133,000g for 50 min. This time 
was estimated as being likely to allow large fragments 
of p.m. to float, whilst minimising microsomal contamination. 
The fuzzy, brownish-red layer which formed at the interface 
between the two sucrose solutions was removed with a bent 
pipette. This suspension was diluted about 4-fold with 
5mM NaHCO^j pH 7.5 and dispersed with 6 gentle strokes of 
a hand-operated Teflon-glass homogeniser. This fraction 
(!F^f) was then centrifuged for 10 min at 10,000g; 
the resulting pale yellowish-orange pellet was resuspended 
as above, in 0.25M sucrose, 2mM CaCl^ (Fraction 'F^').
The yield and purity of the various marker enzymes in the
Z\3
fractions are summarised in Table III.10. The homogenate 
values refer to the filtered homogenate; homogenisation 
was apparently much more effective with the Potter-Elvehjem 
than with the rubber-pestle homogeniser. The yields of 
most components were approximately doubled by use of the 
motor-driven homogeniser. The very low level of the 
succinate dehydrogenase activrty in the homogenate 
prepared with the rubber-pestle device is probably due to 
large structures or aggregates containing mitochondria 
ke3-n9 retained by the filter. Indeed, considerable 
amounts of material were retained on the filter from both 
homogenates. The low specific activities of the enzymes 
probably reflects the resultant * dilution* of activity by 
soluble protein, which of course would be little affected 
in yield by aggregation or partial breakage of cells.
In both preparations, considerable amounts of
material were lost on pelleting of the fraction due to
removal of contaminating soluble and microsomal material.
The purity of the fractions was comparable to that
obtained in the experiments using mitochondrial fractions
(cf. Table II1.7), and the yield was much better,
particularly in the case of the * Potter * homogenate. This
emphasised the inadequacy of the earlier approach for 
, , these/
hepatomas as deviant as A transplants had become.
(k) Examination of the floated fraction by sucrose—gradient 
c e n t r i f u g a t i o n “ '
The material sedimenting into fraction F^ was 
examined by rate—sedimentation in sucrose gradients, using
ZlLf-
Legend to Table III.10
Purity and yield of protein and marker 
enzymes in fractions obtained by flotation from 
homogenates adjusted to density 1.18.
•Rubber-pestle1 homogenate refers to the 
homogenate prepared with the rubber-pestle homogeniser; 
•Potter homogenate• refers to that prepared with the 
Potter-Elvehjem homogeniser. ’F*! refers to the
fraction obtained by flotation from the homogenate 
for 50 min at 133,000 g, and •F^* to the fraction 
obtained by centrifugation of F^ for 10 min at 10,000 g . 
For further details, see text. •SA1 refers to specific 
activity, expressed as jimoles/min/g protein. •RSA1 
denotes specific activity. Values are derived from a 
single experiment.
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a 3-place swing-out rotor. The limitations on the number 
of samples and size of fractions obtained required that two 
separate sets of samples be centrifuged, to provide 
sufficient material to allow all the assays to be made.
In the first jfcun, two samples of the 'rubber-pestle' 
homogenate and one from the f Potter1 homogenate were 
layered on the gradients and centrifuged at 10,000 rev/min 
for 10 min. Details of the gradient are given in the 
legend to Fig.Ill.19. At the end of this run, the tubes 
were removed and the second set of gradients were layered 
and centrifuged as for the first set. It was noted that, 
during the 30-40 min period since withdrawal of the first 
series of aliquots,extensive aggregation had occurred in 
each of the fbeactions. Re-dispersion required a
further 6-8 strokes of the hand-operated homogeniser.
(All fractions were maintained at 0° throughout). The 
effect of this re-homogenisation was remarkable. In the 
first set of gradients, about 45-50% of the 5'-nucleotidase 
was found in a distinct peak at density 1.14-1.15 
(Fig.Ill.19, parts a, b and d). As intended, this material 
has not reached its isopycnic point i.e. 1.16-1.17. 
Purification in the central region of this peak was about 
17-20 fold, although the small amounts of material in the 
gradient mean that the assays are not totally reliable. 
Contamination by glucose-6-phosphatase and acid phosphatase 
is very low, and the mitochondria are clearly still 
sedimenting in the denser region of the gradients. The 
pattern is strikingly different in the second set of
211-
Legend to Figure III.19
Patterns obtained by sucrose-gradient 
centrifugation of fractions isolated by flotation 
from hepatoma homogenates.
Linear sucrose gradients ranging from density 
1.13 to 1.18 were prepared in the tubes of an MSB 
3 x 23ml swing-out rotor, as described in the Materials 
and Methods, Chapter II. Aliquots (1ml) of fractions 
F2 (see text and Table III.10) were layered on the 
gradients, and the samples were centrifuged for 10 min 
at 10,000 rev/min. Parts a - c refer to the patterns 
obtained from the fraction of the 1rubber-pestle 
homogenate*; and d - f refer to those obtained from 
the fraction of the ’Potter homogenate*. The 
gradients shown in a, b and d were centrifuged before 
those shown in c, e and f. Fraction size was 2ml in 
a, and 1.5ml for the other gradient; runS.
Abbreviations and symbols as previously, except
for x x, protein (mg/fraction). For further details,
see text.
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gradients (parts c, e and f , Fig.Ill.19). About 50% 
of the p.m. which sedimented into the band at density 
1.14-1.15 in the first set of gradients has clearly been 
fragmented to vesicles of microsomal size by the 
re-homogenisation. Presumably, most of the p.m. sedimenting 
into F was in the form of large fragments ^ the initial 
resuspension was probably responsible for much of the 
slowly-sedimenting 5 1-nucleotidase in the first set of 
gradients.
Interestingly, in both gradients where acid 
phosphatase was assayed (parts b and f , Fig.III.19) there 
is evidence for material, sedimenting somewhat faster than 
the p.m. fragments, possessed of acid phosphatase activity. 
Burge (1973) had observed acid phosphatase and acid RNase 
activity in very-rapidly-sedimenting material during his 
studies on hepatoma mitochondria + lysosomal fractions.
It was concluded, from these trial studies, that 
the initial flotation step indeed offered a solution to the 
problems earlier encountered. Large-scale studies using 
the HS zonal rotor were then undertaken. It was decided 
to use the Potter-Elvehjem homogeniser for disruption of 
the tissue, as the yield of p.m. was considerably better 
using this device. The somewhat lower purification of 
5'-nucleotidase obtained in Fraction F^ (Table III.10) 
when this device was used, as compared to that observed 
when the *rubber-pestle* homogeniser was employed, was not
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consiaered "to be a. majoir drawback. It seemed reasonable 
to ascribe thks to the presence in the fraction of other 
material^ e.g. fragments of endoplasmic reticulum? the 
latter could be expected to sediment at a different rate 
to the p.m. fragments. Further, it was decided to omit 
the resuspension of fraction F, before pelleting at 
10,000g. The material lost at this stage would be soluble 
and microsomal contaminants which would also present no 
problem in the zonal separation, and loss of p.m. by- 
fragmentation to vesicles, would be reduced.
A further small modification entailed a change of 
buffer. It was noted that the 5mM NaHC0o solution used 
in the experiments described above fell from pH 7.5 to 
about 6.9 over 2 h (solutions were routinely measured 
when freshly prepared and also, when short (2-3 h) periods 
of storage at 4° were necessary, immediately before use. 
This alteration in pH value was never observed in solutions 
containing sucrose in addition to the NaHCO , as used 
for preparation of the sample and the gradient ; possibly 
the presence of sucrose had some effect on the absorption 
of atmospheric CO by the solutions. A fresh 5mM NaHCOz 3
solution was prepared and used for this experiment. In 
subsequent studies, all solutions contained 5mM Tris-HCl, 
pH 7.5 (measured at 4°).
6. Zonal centrifugation of the floated fraction
(a) Modification of the gradient used in the HS rotor
For these studies, the gradient ('HSII') employed
m .
in the earlier experiments was not entirely suitable.
This gradient was designed for the banding of p.m. fragments 
at or near their isopycnic point. As separation was now 
to be made on a rate-zonal basis, the gradient was 
modified as shown in Fig.III.20. The first exponential 
(Gradient *HSIII1) is fairly steep, in order to support 
the sample and retard slowly-sedimenting contaminants,
i.e. microsomes and lysosomes. The low yield of material 
in the initial fraction allows a flatter profile to be 
used then in form HSII, without the risk of instability 
developing (Meuwissen, 1971, 1973). The second 
exponential, beginning at density of about 1.12, rises 
very steeply to density 1.14-1.15. This was designed to 
narrow the band of p.m. fragments without isopycnic banding. 
The shallow region between this part of the gradient and 
the cushion was to permit separation of the p.m. peak from 
any material;e.g. debris^which had similar density (1.16-1.17) 
but higher sedimentation rate. Allowance had to be made 
for diffusion of the cushion into the gradient, as 
illustrated in Fig.III.20. Details of the solutions used 
to prepare the gradient are to be found in the Appendix.
(b) Distribution of material in the gradient
Fig.Ill.21(a) and (b) shows the distribution of 
marker enzymes and protein after centrifuging a fraction, 
floated from hepatoma homogenate adjusted to density 1.18 
('floated* fraction) for 18 min at 9,000 rev/min in the HS 
zonal rotor. The choice of centrifugation time was made 
on the basis of visual inspection of the rotor contents
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Figure III.20
Design of the gradient used for zonal 
centrifugation of the floated fraction.
 , typical profile of gradient form HS II
 , gradient type HS III, as recovered from the
HS rotor
....... profile of the gradient as pumped into the
HS rotor.
Details of the solutions used to prepare 
the gradient are given in the Appendix.
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during centrifugation. When an opalescent white band 
appeared at the beginning of the second exponential, the 
rotor was decelerated and unloaded.
The first peak of material in the gradient consists 
of soluble, microsomal and lysosomal contaminants which 
are still in the sample region (the overlay in this experiment 
was not collected owing to malfunction of the fraction 
collector). The bulk of the glucose-6-phosphatase and 
acid phosphatase activities are in this region. There is, 
however, a clear peak of p.m. fragments, as indicated by 
5 1-nucleotidase activity, at the beginning of the second 
exponential region. As intended, the p.m. fragments are 
at density between 1.13 and 1.15, not yet at their 
isopycnic point. Contamination by endoplasmic reticulum 
fragments and lysosomes, as judged by the marker enzyme 
data, was very low, while succinate dehydrogenase activity 
was barely detectable. The small number of mitochondria 
which contaminated the sample are mainly banded against the 
cushion and in the preceding few fractions. There was 
a variable amount of protein in this region, which could 
hardly be due solely to mitochondria. The distribution 
of marker enzymes and protein is summarised in Table III.11.
The regions referred to in the table correspond to the 
experiment shown in Fig.III.21 as follows : region 1, 
fractions 1-6 ; region 2, fractions 7-18 ; region 3, 
fractions 19-22 (p.m. peak); region 4, fractions 23-25 ; 
and region 5, fractions 26-30. A significant amount of
Legend to Figure III.21
Pattern obtained after zonal centrifugation of 
a fraction isolated from a hepatoma homogenate by 
flotation at density 1.18.
The sample, deriving from 2.2g of hepatoma, was 
in 0.25M sucrose, 2mM CaCl2 , 5mM Tris-HCl, pH 7.5. 
Centrifugation was for 18 min at 9,000 rev/min in the HS 
zonal rotor. The shape of the gradient, of form HSIII 
was slightly affected by cross-leakage during displacement 
after centrifugation (fractions 1-5). All solutions 
contained 5mM Tris-HCl, pH 7.5.
Symbols and abbreviations used are:
(a), (b); as described in the legend to Fig.III.7.
(c) p-Nitrophenol phosphatase, assayed at pH 8.7, in the 
presence of: sy , 5mM MgCl^; /t— A > 5mM EDTA.
Bis(p-nitrophenyl)phosphodiesterase, assayed at pH 8.7, 
in the presence of : 5raM MgCl^; #——•» 5mM EDTA.
Values represent jpg/min, and refer to the total amount 
per fraction (19ml).
(d) *— m, Alkaline ^ 3- g l y c e r o p h o s p h a t a s e , 
glucose-6-phosphatase activity assayed in the presence 
of lOmM Na(+)tartrate ; , 1 inhibited activity1,
obtained by sub"racting the activity in the presence of 
Na(-h)tartrate from that in the routine assay, data from 
which are shown in (b). Values are given as ^imoles/min, 
and refer to the total amount per fraction.
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p.m. fragments was still sedimenting in region 2 at the 
end of the run, and was thus not recovered from the rotor 
with the main p.m. peak. Clearly, however, prolonging 
centrifugation in order to sediment this material into 
region 3, would have substantially increased contamination 
by endoplasmic reticulum and lysosomes, and also resulted 
in sedimenting the main p.m. peak almost to the end of 
the gradient.
The separation obtained was considerably superior 
to that achieved when 1 conventional1 starting fractions 
were used, as in the earlier studies. Further studies 
on enzyme distributions were now undertaken, to further 
characterise the preparation. Alkaline phosphodiesterase 
in normal liver, as shown in the studies reported above, 
appears to be almost entirely localised in the p.m. As 
illustrated in Fig.Ill.21(c) (cf. Tables III.11 and 
III.12), the distribution of this enzyme in hepatoma 
fractions closely parallels that of 5*-nucleotidase, 
suggesting that the p.m. is likewise the locus in hepatomas. 
Alkaline phosphatase activities (p-nitrophenyl phosphate 
as substrate) show a similar distribution in the gradient 
to 5*-nucleotidase and phosphodiesterase activities.
When alkaline phosphatase activity is assayed with 
3-glycerophosphate as substrate, however, there appears 
to be a greater proportion of the activity in the sample 
region, that in the p.m. peak being reduced relative to 
5 1-nucleotidase and the other activities summarised in
Legend to Table III.11
Floated fraction: distribution of marker
enzymes and protein amongst the different regions of 
the gradient (cf. Fig.III.21).
Each 'distribution* is expressed as % of 
the total recovery ; the means are derived from 4 
runs. 'Recovery* values represent % of material 
loaded, as mean + standard error (and number of 
observations).
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Legend to Table III.12
Floated fraction: distribution of alkaline
phosphodiesterase and various alkaline phosphatases 
amongst the different regions of the gradient (cf Fig. 
III.2 and Table III.11).
Values are expressed as described in the 
legend to Table III.11.
Alkaline phosphodiesterase (bis(p-nitrophenyl) 
phosphate as substrate) was assayed at pH 8.7 in the 
presence of 5mM MgCl^. 'Alkaline phosphatase (Mg^+ )* 
refers to activity against p-nitrophenyl phosphate at 
pH 8.8 in the presence of 5mM MgCl^; 'alkaline 
phosphatase (EDTA)' refers to the activity in the 
presence of 5mM EDTA.
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Table III.12. This is simply due to inhibition of 
alkaline ^ -glycerophosphatase activity by sucrose 
(cf. Hinton et al., 1969), as no correction factor had 
then been established for this enzyme activity; this is 
reflected in the recovery value for this enzyme.
A limited study was carried out on the nature 
of the glucose-6-phosphatase and acid phosphatase 
activities in the gradient. It was thought possible that 
the greatly-increased alkaline phosphatase and 
^3-glycerophosphatase activities in hepatoma p.m. fragments 
could be responsible for some of the activities towards 
glucose-6-phosphate and towards ^ -glycerophosphate at 
acid pH# Enzyme scans of some runs were run in duplicate, 
and inhibitors added to one set of tubes. The effects 
of including lOmM Na(+) tartrate in the assay medium for 
glucose-6-phosphatase are illustrated in Fig.III.21(d).
A substantial reduction (50-60%) of activity was observed 
in this experiment when tartrate was included. In a 
trial experiment (not illustrated), tartrate was added to 
the glucose-6-phosphatase incubation medium in which a 
preparation of normal-liver microsomes were used as a 
source of enzyme ; no inhibition of activity was observed 
even when the concentration of tartrate was 3-fold higher 
than that used in the studies on hepatoma. When the 
inhibited activity (obtained merely by subtracting the ; 
activity in the presence of tartrate from that in the 
routine assay) is considered, it is clearly not
23k-
distributed in a pattern similar to 5 1-nucleotidase 
(cf. parts b and d, Fig.III.21). However, the low 
activities in the gradient prohibit quantitative assessment 
of different activities in the p.m. region. Ideally, the 
purified p.m. preparations obtained from the zonal fractions 
(described later) could best have been used, but the 
quantities of material required for such assays would have 
precluded study of, e.g., RNase activity.
Hubscher and West (1963) included 2mM KF in 
their assay for glucose-6-phosphatase, to inhibit 
non-specific phosphatases. In two experiments in the 
present study, 2mM NaF was included in the assay medium; 
no difference was observed, as compared to the activity in 
the routine glucose-6-phosphatase assay (not illustrated).
In a single experiment, attempts were made to 
assess whether the acid phosphatase activity in the p.m. 
region was due to lysosomal contamination. Assay of acid 
phosphatase was made both before and after freeze-thawing. 
With untreated samples the activity in the p.m. region 
was about 60% of that of the freeze-thawed material. As, 
however, a long (60 min) incubation was necessitated by the 
low activities, it is likely that much of this apparently 
1 free * activity was due to release of enzyme from 
lysosomes, despite the 0.5-0.6M sucrose present after 
dilution of the fractions in the assay medium. If the 
acid phosphatase activity in the p.m. region is due to
lysosomes, then the glucose-6--phosphatase activity which 
is sensitive to tartrate may also be due to lysosomes, 
the distribution of the two activities being very similar 
(Fig.III.21).
In three of the four separations made on the 
'floated* fraction, the sample was derived from 2 to 4g 
of hepatoma. The limitations were both the availability 
of hepatoma transplants and the capacity of the angle 
rotor used for the flotation of the initial fraction from 
the homogenate. In one experiment, however, several 
transplants were available at one time, and were used for 
a single preparation. This entailed increasing the 
concentration of the homogenate from about Ig in 7ml to 
Ig in 3ml, to allow of subsequent adjustment of density 
and flotation in the 8x50ml angle rotor. The pattern 
obtained after zonal centrifugation of the resulting 
sample for 18 min at 9,000 rev/min in the HS zonal rotor 
is shown in Fig.III.22. While the general pattern is
similar to that shown in Fig.III.21, there is a marked peak 
of material at the end of the gradient. Microscopic 
examination, as described in detail below, revealed the 
presence of some nuclei and broken cells in this peak* 
Apparently, the increase in the concentration of the 
homogenate was such as to result in entrapment of dense 
material in the thick layer which formed at the interface 
between the dense sucrose and the overlay. While the 
yield of homogenate 5*-nucleotidase in the p.m. region was 
not markedly different from that in the other 3 experiments,
Legend to Figure III.22
Pattern obtained after zonal centrifugation 
of a fraction floated from hepatoma homogenate at 
density 1.18.
The homogenate (33%, w/v) was prepared from 
8.5g of hepatoma; homogenate and sample were prepared 
in 0.25M sucrose, 2mM CaCl^. Centrifugation wascfor 
18 min at 9,000 rev/min in the HS zonal rotor. The 
gradient form was HS III. All solutions contained 5mM 
Tris-HCl, pH 7.5.
Symbols and abbreviations used are as given in 
the legend to Fig.III.7.
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the purification of the p.m. fragments was somewhat lower, 
and contamination by other organelles markedly greater.
It was concluded that larger amounts of material could 
be processed only if a larger-capacity rotor were to be 
used, allowing of the use of dilute (e.g. Ig in 7ml) 
homogenates. The BXIV zonal rotor would seem to be the
ideal tool for this, although it was not tried in these
studies.
(c) Morphology of the material in different regions 
of the zonal gradient
Phase-contrast microscopy was used to examine the 
material in the different regions of the gradient. Not 
surprisingly, little material was visible in the first two 
regions of the gradient. Before describing the material 
visible in the denser regions of the gradient, it should-
be pointed out that photographs were only obtained from
one preparation of the three examined, in one case due to 
camera malfunction. The preparation which was photographed 
is that illustrated in Fig.Ill.22, and the appearance of 
some fractions differed in some respects to the other 
preparations, as will be described at the appropriate 
points.
Fig.III.23 (a-c) shows the material from fraction 
20 of the experiment in Fig.III.22, i.e.from the beginning 
of the p.m. peak. The most striking features are the 
small sheets of membrane, ranging from about 5 to 15^ a in 
apparent diameter. The partially collapsed sheets appear 
to contain considerable amounts of lipid droplets, some of
£3<?
Legends to Figs. III. 23 - III.27
All photographs were obtained during the
experiment illustrated in Fig. Ill.22.
Fig. III.23 (a) Small sheets of p.m. containing trapped
mitochondria and lipid droplets from the 
beginning of the p.m. peak. An erythrocyte 
and numerous small fragments (p.m.?) are also 
visible (X 640).
(b) Small p.m. sheets from the beginning of 
the p.m. peak, possibly fragmenting and 
releasing lipid droplets (X 810).
(c) Another field from the same region as in
(a) and (b) showing a damaged erythrocyte(?) 
and small amorphous fragments (X 1024).
Fig.III.24 (a) Lipid filled * ghosts* from the light side
of the p.m. peak; note the * clean* edges.
Numerous small fragments are also present 
(X 640).
(b) Lipid filled * ghost * with the collapsed 
membrane of an adjacent cell still adhering.
From the light side of the p.m. peak (X 1024).
Fig.Ill.25 (a) Collapsed p.m. sheets containing trapped
mitochondria from the centre of the p.m. peak 
(X 640).
i k O
(b) Collapsed p.m. sheets adhering to 
'ghosts'. From the centre of the p.m. peak 
(X 1024).
(c) Collapsed p.m. sheets and a 'ghost* 
with an adhering sheet from the centre of the 
p.m. peak. An erythrocyte is also visible 
(X 640).
Fig.III 26 (a) Broken cells which have sedimented
through the p.m. peak. From fraction 27 
(X 640).
(b) Broken cells aggregated with amorphous 
material (lysed nuclei?) from fraction 27. 
Mitochondria (?) are also visible (X 640).
Fig.Ill.27 (a) 'Rafts' of aggregated nuclei and whole
cells from the material banded at the end of 
the gradient (X 410).
(b) Fragments of connective tissue aggregated 
with nuclei and broken cells from the 
material banded at the end of "the gradient 
(X 256).
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which have been released and are visible as highly 
refractile objects of 1-2^. in apparent diameter. • This
estimate is of course very approximate, being so close to 
the limits of resolution of the light microscope. Also 
visible are a number of somewhat larger, opaque objects of 
irregular shape. These objects were also visible in the 
preceding 2 or 3 fractions, albeit in reduced amounts.
It is possible that at least the largest objects are small 
fragments of p.m., responsible for the 5 1-nucleotidase 
activity in these fractions.
The light side of the p.m. peak (i.e. fractions 
21-22) contained more of the lipid-filled 'ghosts'
(Fig.Ill.24a, b). While the majority were single ghosts 
with 'clean* edges, suggesting that there is little 
intercellular bonding in the hepatoma, a few ghosts also 
had collapsed membranes from adjacent cells still adhering 
(Fig.Ill .24,b). In the main part of the peak (fractions 
23-24 in Fig.Ill.22), relatively fewer of the lipid filled 
ghosts were present ; most of the material present appeared 
to be collapsed sheets, deriving from one or two adjacent 
cells (Fig.III.25). The collapsed membrane sheets have 
lost their content of lipid droplets, but retain a few 
mitochondria. The appearance of the membranes is similar 
to"those obtained from normal liver (Hinton et al., 1970), 
except for the presence of the lipid-containing ghosts in 
the preparations now reported. A few free mitochondria 
are also visible in the fraction.
wIn this experiment, the material in region 4 
of the gradient (tubes 26-28) was quite heterogenous 
(Fig.III.26). Broken cells and amorphous material are 
clearly visible, as are numerous small dots with an 
apparent diameter of l-2ji. These may be mitochondria, 
but the light microscope hardly affords a positive 
identification. In other experiments, the sparse 
material in this region consisted mainly of these dots and 
a few sheets of membrane. The end peak in the experiment 
illustrated is clearly very heterogenous, consisting of 
clumps of nuclei aggregated with broken cells (Fig.III.27,a). 
Fragments of connective tissue were also present 
(Fig.Ill.27,b). A few small fragments of connective tissue
were observed in this region in another experiment, but 
nuclei and cells were absent.
(d) Properties of the purified p.m. preparation
In the first experiment of this series, the p.m. 
fragments in the zonal fractions appeared to be purified 
about 23-fold from the homogenate, as judged by 
5 1-nucleotidase activity. However, the small amounts of 
protein present did not allow of accurate measurement, and 
the membranes were simply collected by centrifugation at 
133,000g for 90 min after dilution with 5mM Tris-HCl, 
pH 7.5. Assays on this 'pelleted' p.m. fraction indicated 
that the material was about 17-fold purified (Table III.13).
In later experiments, the zonal p.m. fraction was 
rehomogenised, adjusted to density 1.18 and floated as 
described previously. As mentioned earlier, considerable 
amounts of lipid were released by rehomogenisation,
Legend to Table III.13
Purity and yield of marker enzymes, alkaline 
phosphatases and phosphodiesterase at successive stages 
in the purification of hepatoma plasma-membrane fragments.
The results are given as means + standard 
error (and number of observations). Specific activities 
are given as ^ pmoles/min per g protein except for enzymes 
releasing p-nitrophenol where the values represent 
yig p-nitrophenol released/min per g protein. Alkaline 
phosphatase activities have been multiplied by 10 for 
convenience. Abbreviations are as given in the legend 
to Table III. 12. Yield values refer to the proportion
(as %) of the homogenate activity in each fraction. RSA
(
refers to the relative specific activity, the homogenate 
being taken as unity.
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collecting under the cap of the centrifuge tube 
(cf. Fig.III.15). This flotation step resulted in a rather 
small increase in purification on a protein basis, with 
however a marked reduction in the (already low) contamination 
by mitochondria. As indicated above, the purity of the 
1 zonal1 p.m. fraction was probably over-estimated due to 
the error in measurement of the protein in the zonal 
fractions.
While contamination by mitochondria is very low, 
there is significant contaminationAby lysosomes, as 
judged by acid phosphatase activity. The somewhat slender
evidence reported earlier on the latency of this activity 
indicates that the enzyme is substantially lysosomal, 
although the possibility of some activity intrinsic to the 
p.m., as suggested by : and (1969a) could
only have been adequately tested by cytochemical techniques 
(e.g. El-Aaser et al., 1973).
The glucose-6-phosphatase activity, however, is 
clearly distinguished from that displayed by normal-liver 
microsomes by its response to tartrate. This indicates 
that some phosphatase, possibly non-specific, is present 
in hepatoma that is either absent or very low in normal liver. 
This will be considered further in the Discussion, Chapter IV.
The low yield of 5 1-nucleotidase in the purified 
p.m. preparation creates doubts as to the representative
2 £2.
nature of the product. Indeed, the observations reported 
above on the fragility of the hepatoma membranes may well 
indicate that some selection has taken place on the basis 
of resistance to fragmentation. 1
Alkaline phosphodiesterase activity is somewhat 
less enriched than 5*-nucleotidase activity in both the 
zonal and the purified p.m. fraction. This is similar to 
the observations, reported earlier, on purified normal-liver 
p.m. Alkaline phosphatase (p-nitrophenyl phosphate as 
substrate), assayed in the presence of Mg2+5 is some 25% 
less enriched than 5*-nucleotidase, indicative either of 
selective loss of some region of the p.m. or of the 
distribution of this activity between more than one 
organelle. The activity against p-nitfophenyl phosphate 
in the presence of EDTA, however, behaves very similarly 
to 5*-nucleotidase activity.
Alkaline ^ 3-glycerophosphatase activity, as 
mentioned earlier, was not corrected for inhibition by 
sucrose. The values obtained for the zonal and purified 
membrane fractions must be considered in this light, for 
both fractions contained appreciable amounts of sucrose. It 
is interesting that, when the p.m. fractions from the first 
zonal run were simply pelleted and resuspended in isotonic 
sucrose, the values obtained for the purification and yield 
of this enzyme were very similar to those for 5'-nucleotidase.
2&?
The purified p.m. preparation obtained by this 
procedure was white in colour, indicating the absence of 
the adsorbed haemoglobin responsible for the yellow-orange 
colour of p.m. preparations obtained from mitochondrial 
fractions in the earlier studies. This absence of 
haemoglobin was most probably due both to the great care 
exercised in excluding blood-clots, etc., from the tumour 
tissue used to prepare the sample, and to the early 
removal of all the erythrocytes during the flotation of 
the homogenate. This lack of adsorbed haemoglobin in the 
purified p.m. may be relevant to the high purity of the 
preparation, as considered in the Discussion, Chapter IV.
D . Alkaline ribonuclease and phosphodiesterase activity 
in hepatoma p.m. fragments
The data for alkaline PDase are presented in 
Table III.13. In hepatoma homogenates, the specific 
activity of this enzyme was slightly elevated (about 14%) 
over that in normal liver (cf. Table III.2). The extent 
of this elevation is the same if the results are expressed
on a weight basis (data not presented) since the protein
content of the two tissues was virtually identical, being 
181 +28 mg/g wet weight for hepatoma (4 observations) and 
189 +15 mg/g wet weight for normal liver (6 observations). 
However, it should be remembered that the liver was 
perfused, while the hepatoma contained appreciable amounts 
of blood. Thus, the PDase activity in hepatoma was
probably elevated slightly more over than in normal liver
than the results suggest.
Comparison of the PDase activity in hepatoma 
p.m. with that in normal-liver p.m. cannot be made simply 
in terms of the observed specific activities since the 
p.m. preparations from the two tissues were purified to 
different extents, as judged by enrichment of 
5 1-nucleotidase activity (cf. Tables III.2 and III.13). 
Allowance may be made for this difference in purity if 
the following assumptions are made:
(i) that 5 T-nucleotidase is a perfect marker for p.m. 
in both liver and hepatoma;
(ii) that the lower purification of 5 1-nucleotidase in the 
hepatoma p.m. was due to greater contamination by^  e .g ^ 
serum proteins than in liver p.m. preparations;
(iii) that these contaminants did not contribute to the 
PDase activity of the p.m. preparations.
The specific activity of PDase in the purified p.m. from 
hepatoma may then be multiplied by a correction factor to 
express the results on an easily comparable basis. This 
correction factor is simply the ratio of the value for the 
'relative* specific activity for 5*-nucleotidase in the 
liver purified p.m. preparation (Table III.2) to that for 
5*-nucleotidase in the hepatoma purified p.m. preparation 
(Table III.13) i.e.
7420 x ,2.Z-.| = 9420 jimoles/min/g protein
This value is slightly higher than that observed for PDase 
in the liver purified p.m. viz. 8860 ^ moles/min/g protein.
ISS
If a similar correction is made to the PDase 
activity of the hepatoma zonal p.m. fraction, a value of 
about 5440 Jumole^min/g protein is obtained. This is 
slightly lower than the value of 5950 pmoles/min/g protein 
observed in the corresponding liver fraction. These small 
variations between the values for 1 zonal * and *purified* 
membrane fractions may be explained by the observation that 
less PDase activity was lost from the hepatoma p.m. on 
re-homogenisation and flotation than from the liver p.m.
The properties of the PDase activity in hepatoma 
p.m. were not investigated in detail. It was observed 
that the enzyme was at least 16 times more active in the
24-
presence of 5mM Mg than of 5mM EDTA, similar to the 
results for liver. No pH curve was obtained because of the 
limited amount of material available for study.
RNase activity was initially assayed only as 
described for liver, in that the endogenous inhibitor was not 
destroyed prior to the assay. In the first experiment, 
the p.m. fragments from the zonal rotor were simply collected 
by centrifugation rather than re-homogenised and floated.
It was observed that the RNase activity at pH 8.7 of this 
p.m. preparation was about 12-fold higher in the presence of 
7.5mM Mg2+ than of 7.5mM EDTA (Table III.14) similar to the 
result with liver. However, at pH 7.8 the RNase activity 
was over 400-fold higher with 5mM Mg2"*" than with EDTA; the 
activity in the presence of EDTA was extremely low. It was 
thought possible that this low activity might be due to the
2,56
presence of endogenous inhibitor trapped within the
membranes, and it was thus decided to assay RNase activities
both before and after destruction of any endogenous
-3inhibitor with 10 M pCMB in subsequent experiments.
The RNase activities, assayed in the absence of 
pCMB, of the purified hepatoma p.m. preparations are 
shown in Table III.14. In each of the four assays, the 
RNase activity of the purified membranes was higher than 
that of the pelleted membrane preparation. The most 
marked increase was that observed at pH 7.8 in the presence 
of EDTA. While in the case of the other three assays, the 
increased activity of the purified p.m. preparations reflects 
the greater purity of the purified preparations 
(cf. Table III.13 and Table III.14), the increase at pH 7.8 
in the presence of EDTA does not. The most likely 
explanation is that there were indeed considerable amounts 
of supernatant inhibitor in the pelleted membrane 
preparations, and that the re-homogenisation step used in 
subsequent preparations resulted in the loss of the 
inhibitor. How much RNase activity was removed by this 
flotation step is not known, for no assays were made on 
the 1 zonal * membrane fraction.
When assays were made in the presence of pCMB 
(Table III.15), the RNase activity of the purified p.m. 
was generally little affected, as compared to the 
observations made in the absence of pCMB. The only
Legend to Table 11.14
Purity and yield of ribonuclease •
at successive stages in the purification of hepatoma 
plasma-membrane fragments.
The results are given as means + standard
error (and number of observations). Specific activities
represent A260 ^o:C a.ci_<l-soluble products (nationally in
1ml)/min per g protein. The assay medium did not
include pCMB. Abbreviations are as given in the legend
2+
to Table III.2 e.g. *pH 8.7; 7.5mM Mg 1 refers to 
ribonuclease activity assayed at pH 8.7 in the presence 
of 7.5mM MgCl .
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Legend to Table III.15
Purity and yield of ribonuclease, \
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in the purification of hepatoma plasma-membrane 
fragments.
The values derive from the 3 experiments 
in which the zonal plasma membrane fraction was further 
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significant alteration was a 25% increase in the activity 
at pH 7.8 in the presence of EDTA, which indicates the 
destruction of traces of the supernatant inhibitor by the 
pCMB.
It: is apparent that, whether or not pCMB was 
included in the assay medium, the activation of the RNase
24-
in the purified p.m. by Mg at pH 8.7 was only about 
8-fold compared with the activity in the presence of EDTA.
This is in marked contrast to the 14-fold activation by 
Mg2"1* of the RNase activity at pH 8.7 of normal-liver 
purified p.m. preparations (see Table 111.2). However, 
the activity of purified hepatoma p.m. in the presence of 
Mg2+ was very similar to that of normal-liver preparations 
at pH 8.7 and at pH 7.8, if allowance is made for the 
difference in purity of the two preparations as discussed 
above for the PDase activity. These observations suggest 
that the hepatoma p.m. preparations contained an EDTA-resistant 
RNase which is not present in the p.m. preparations from 
normal liver.
The hepatoma p.m. preparation obtained in the 
experiment illustrated in Fig.Ill.22 was used to study the 
variation of RNase activity as a function of the pH of 
the assay medium. Assays were carried out in the presence 
of 7.5mM MgCl2 . The curve obtained is shown in Fig.Ill.28. 
Above neutrality, the shape of the curve is very similar 
to that obtained with normal-liver preparations (cf.Fig.Ill.4).
O-l
PH
Figure III.28
Variation of the ribonuclease activity of a purified 
plasma-membrane fraction from hepatoma as a function of the |>H of the 
assay medium.
Assays were carried out in the presence of 7.5mM Mg Cl^;
pCMB was not included in the assay.
Symbols used are: 0, assays in DMG buffer; X, assays in
Tris buffer; A, assays in glycine-NaOH buffer.
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There is, however, a distinct peak of activity in the 
acid region of the curve, in contrast to the results from 
the normal-liver p.m. preparations.
When interpreting thiè curve, it should be 
remembered that the hepatoma p.m. preparation used, which was 
derived from a very concentrated homogenate, was notably 
less pure than the other preparations. After the final 
flotation, 5 1-nucleotidase was only 14-fold purified, while 
acid phosphatase was purified 3.5-fold. It would thus 
seem probable that the RNase activity in the acid region 
of the curve was due to contaminating lysosomal acid RNase, 
although unfortunately no observations were made on acid 
RNase activity of the other hepatoma p.m. preparations.
Finally, it was observed that pCMB had a striking 
effect on the EDTA-resistant activity of the homogenate, 
particularly at pH 7.8 (cf. Tables III.14 and III.15). At 
pH 7.8, the EDTA-resistant RNase activity was increased 
almost 30-fold, while the activity in the presence of Mg2’* 
at this pH value was increased less than 2-fold. At pH 8.7, 
the EDTA-resistant activity was increased almost 5-fold by 
the inclusion of pCMB in the assay medium; again, a much 
smaller (30%) increase in activity was observed when Mg2+ 
was present. The simplest interpretation of these results 
is that there is an RNase in the homogenate, optimally active 
at pH 7.8 and susceptible to the action of the endogenous 
inhibitor, which is markedly inhibited by Mg2*. This, 
however, is not entirely a satisfactory explanation, for
mwhile at least part of the increased activity would seem 
to be due to the supernatant alkaline (pH 7.8) RNase, the
24-
effects of Mg indicate that alterations in the activity 
of some other RNase(s) are involved. The supernatant 
alkaline RNase has been variously reported as being partially
24-
inhibited by Mg (e.g. Beard and Razzel, 1964) to being
24-
unaffected by Mg (Futai el: al. , 1969). The relatively
24-
small increase in activity at -pH 7.8 with Mg present 
observed after inclusion of pCMB may reflect inhibition
24-
by Mg of some latent RNase other than the supernatant
24-
alkaline RNase, or destruction of some Mg -activated 
enzyme by the pCMB. However, detailed studies on the 
subcellular distribution of the different activities would 
be needed to discover the explanation for the effects of 
pCMB on the homogenate RNase activity under the different 
assay conditions. From the studies now reported, it may 
only be stated that the great bulk of the latent, 
EDTA-resistant RNase activity at pH 7.8 in the homogenate 
cannot be due to an RNase activity of the plasma membrane >
CHAPTER IV DISCUSSION
A. Alkaline ribonuclease and phosphodiesterase 
activity in isolated hepatic plasma-membranes
1• Assessment of the contribution by the activities in 
plasma membranes to the total ribonuclease and 
phosphodiesterase activity of the cell
thesis clearly demonstrate that the p.m. of rat liver cells
possesses RNase activity that makes a substantial
contribution to the total RNase activity of the cell. If
it is assumed that 5 1-nucleotidase is a perfect marker for
the p.m. (see below) and that the RNase and 5 *-nucleotidase
activity are distributed in the same way over the cell
surface, then one can calculate that the p.m. contributes
between 25 and 30% of the particulate RNase activity
04-
ass aye d at pH 8.7 in the presence of Mg (only 
*particulate* activity was measured in the homogenate; 
without prior destruction of the inhibitor, little of the 
supernatant ribonuclease activity would have been detected
relative specific activity (RSA, as defined in the legend 
to Table III .2) of the RNase in the 1 zonal1 membrane 
fraction or the *purified* membrane fraction by the RSA of 
5 1-nucleotidase in the same fraction. For example, the 
proportion of homogenate RNase activity in the zonal p.m. 
fraction (calculating from the values in Table III.2) is
The results presented in Chapter III of this
(Roth,
This calculation is performed by dividing the
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given by
E-iHSS, -1°°« - ta > I»*
33%
The lower value of 25% which is calculated for the 
purified p.m. is probably the more accurate because the 
zonal membrane fraction is, as will be discussed below, 
probably contaminated by supernatant RNase. However, 
complete confidence cannot be placed in values from the 
purified p.m. fraction because of the risk that some 
intrinsic p.m. components may be lost during rehomogenisation 
and flotation of the zonal p.m. fraction. It should be 
noted that calculation on this simple basis is valid only 
if the fractions are essentially pure. Thus calculations 
based on the crude nuclear fraction are meaningless.
A similar calculation may be carried out for the 
PDase activity. If this value is based on the purified 
p.m. fraction, then 65% of the cellular PDase activity must 
be in the p.m.; if the calculation is based on the zonal 
p.m. fraction, then the figure is 95%. Therefore up to 
30% of the PDase of the cell is associated with the 
membrane sheets during sedimentation but is separated on 
flotation. This is much too large a value to be explained 
by contaminants in the zonal p.m. fraction and suggests 
that PDase or PDase-rich membrane fragments are preferentially 
removed from the membranes during rehomogenisation and 
flotation.
Some doubt must attach to the assumptions on 
which these calculations are based. The first assumption 
is that 5 ^nucleotidase is a perfect marker for p.m. 
fragments. While the 5*-nucleotidase activity reported 
to be in the endoplasmic reticulum (Widnell, 1972) and 
Golgi fractions (e.g. Farquhar et al., 1974) can represent 
only a very small proportion of the total cellular 
activity, the remaining 5 T-nucleotidase activity is not 
necessarily distributed uniformly among different areas 
of the p.m. The p.m. fragments recovered from the crude 
nuclear fraction show many bile-canulicular membranes 
(Hinton et al., 1970) and it is distinctly possible that 
the sinusoidal membranes are fragmented to microsomes, as 
about 50% of the 5'-nucleotidase activity of the cell is 
recovered in this fraction.
There is strong evidence that p.m. fractions 
prepared from the crude nuclear fraction differ in, for 
example, enzyme content from those in the crude nuclear 
fraction (Evans et al., 1973bjThines-Sempoux, 1973;
Wisher and Evans, 1974). Further, subfractions differing 
in density and enzymic content may be separated from 
either type of preparation after vigorous homogenisation, 
as shown for *nuclear* p.m. fractions by Evans (1970), 
Evans et al.(1973fc) and Thines-Sempoux (1973), and for 
*microsomal' p.m. fractions by Norris (1973) and Norris 
et al ; (1974). Thines-Sempoux (1973) showed specifically 
that 5*-PDase activity is concentrated in fragments of a
higher median density than those containing 5 1-nucleotidase 
activity after vigorous rehomogenisation of a *nuclear* 
p.m. preparation. It therefore seems very possible that 
the loss of PDase activity observed by the present author 
to occur during rehomogenisation and flotation of the zonal 
membrane fraction was due to the loss of elements of the 
p.m. specifically enriched in PDase. This could not have 
been due to the membrane being split into the * light* 
and *heavy * fractions described by Evans (1970) as both 
would float at density 1.19. Little evidence for such a 
loss of PDase was found in the limited number of experiments 
in which recovery data were obtained for the flotation 
step (Table III.3) but interpretation of these results is 
complicated by the observed over-recovery of several 
components including PDase. One possible explanation 
for the loss of PDase activity is that PDase-rich fragments 
were discarded with the sucrose solution of density 1.19.
Similarly there is uncertainty about the 
proportion of alkaline RNase in the p.m., as calculations 
for this enzyme based on the zonal p.m. fraction also 
give higher results than calculations based on the 
purified p.m. fraction. Again, a possible explanation 
for this is that RNase-rich fragments of the p.m. were 
lost on flotation, as discussed above for the PDase.
However, in the case of the RNase, it is probable that the 
uncertainty is largely due to falsity of the second 
assumption used in calculating the results, viz. that the
fractions are essentially pure. The membrane sheets 
isolated from the zonal rotor contain trapped material 
(Hinton eit al. , 1970) which includes cytosol, mitochondria 
and lysosomes. The EDTA-resistant RNase activity which 
is largely lost on flotation is almost certainly due to 
removal of the supernatant RNase, and the mitochondrial 
and lysosomal RNase activities (see sections C.6 and C.7, 
Chapter I. The poor overall recovery of the EDTA-resistant 
RNase activity after flotation of the p.m. fraction 
(Table III.3) was thus probably due to removal of the 
supernatant RNase, which would be discarded with the dense 
sucrose layer.
Emmelot et al. (1964) observed that part of the 
RNase activity of their p.m. preparations was removed 
by washing with 0.15M NaCl, and was therefore probably 
supernatant RNase adsorbed onto the membranes. Emmelot 
et al. (1964) also showed that this adsorbed enzyme is 
distinguished from the bound enzyme by being more active
at pH 7.6 than at pH 8.9. Unfortunately, they did not
2+include Mg or EDTA in their assays or even show that 
their assay conditions were valid. They also showed that 
the pH 7.6 activity of the unwashed membranes was 
distinguished from the pH 8.9 activity in being partially 
resist&nt to treatment with dilute H^SO^. This is 
similar to the pattern of inadvertent inactivation which 
occurred in one of the present author1s p.m. preparation; 
(see section B.2(b), Chapter III); the Mg2+-activated
3.90
RNase (and also PDase) was selectively inactivated.
These observations collectively indicate the presence of 
at least two distinct RNase activities in the zonal p.m. 
fraction and, further, that the EDTA-resistant RNase 
activity is largely due to contaminants. As the zonal 
p.m. fraction is impure, it cannot be decided whether the 
loss of some of the Mg -stimulated RNase activity at 
pH 8.7 on flotation of the zonal membrane fraction was 
partially due to loss of RNase-rich elements of the p.m., 
as postulated above for the PDase, or merely due to the 
removal of contaminants.
The role of the abundant RNase activity in the 
p.m. is unclear. Stonehill and Huppert (1968) speculated 
that the RNase in the 'cell wall' of Krebs ascites cells 
acts as a barrier against invading RNA-containing viruses. 
That there is a barrier to infectious, naked viral RNA 
in animal cells seems probable (e.g. Norman and Veomett,
1961; Stonehill and Huppert, 1968), and the RNase of the 
p.m. may well be responsible for inactivation of naked 
viral RNA. However, viral infection in vivo is unlikely 
to expose naked RNA to the enzyme if the RNase is, as 
suggested by the studies cited above, located on the 
outside of the membrane. Further, animal virus 
double-stranded RNA is intrinsically infectious and highly 
resistant to, e.g., pancreatic RNase (Bishop and Koch, 1967).
Z7-I
2. Properties of the alkaline ribonuclease and
phosphodiesterase activity of purified hepatic 
plasma-membranes
(a) Comparison with earlier studies
The RNase of the p.m. is clearly distinguished
from the other cellular RNases by its response to EDTA
and to changes in the pH of the assay medium. Although
the enzyme resembles the alkaline RNase (*RNAse III')
described by Rahman (1966) in its high pH optimum and
response to Triton X-100, it is very sharply differentiated
2+
by its response to Mg ionsy for the alkaline RNase 
described by Rahman (1966 ) is inhibited at Mg2+ 
concentrations greater than ImM.
As mentioned above, Emmelot et al. (1964) 
observed RNase activity at pH 5.0, 7.6 and 8.9 in their 
p.m. preparations ; the enzyme(s) were not characterised 
and no recovery values were presented. The activities 
at pH 5.0 and 7.6 were largely removed by saline washing, 
and hence almost certainly were due to adsorbed 
contaminants. Little evidence for a distinct acid RNase 
activity was found by the present author in his purified 
p.m. preparations, and this difference between the results 
in the present study and that of Emmelot et al. (1964) is 
almost certainly due to the different procedures used 
for the isolation of p.m. The very hypotonic solutions 
used by Emmelot ejt al. (1964) would cause extensive 
disruption of lysosomes, with the concomitant risk of 
adsorption of the released acid hydrolases onto other 
organelles ; in this particular case, acid RNase may well
2?2
have been adsorbed to their p.m. fraction. In the method 
of Hinton et al. (1970), however, neither the homogenate 
nor any fraction derived from it were ever exposed to 
hypotonic conditions during the isolation of the p.m. 
and hence the risk of lysosomal disruption was low. Thus, 
it is unlikely that the purified p.m. used in this study 
contained appreciable quantities of adsorbed acid RNase.
It is also unlikely that our p.m. preparations contained 
acid RNase which was in a latent form, i.e. in intact, 
contaminating lysosomes, and which would thus not have been 
estimated, since all tissue aliquots used in assays of 
PDase or RNase activity at pH values below 7 were repeatedly 
freeze-thawed prior to assay.
As up to 40% of the p.m. is fragmented to 
vesicles of microsomal size on homogenisation (e.g. Hinton 
et al., 1970; Norris, 1973) one might expect the RNase 
activity of the microsomal fraction (e.g. Morais and 
de Lamirande, 1965a) to be at least partially accounted for 
by the presence of p.m. fragments. During the studies
reported in this thesis, colleagues of the present author 
developed methods for isolating the p.m. of the microsomal 
fraction (Hinton et al., 1971; Norris, 1973) and 
subsequently showed that the p.m. vesicles possessed RNase 
activity with a similar pH optimum, although the enzyme 
was not extensively studied (Norris, 1973). An early 
report from our laboratory (Norris ef al., 1971) observed 
that the pH optimum of the RNase in both *nuclear* and
1 microsomal1 p.m. preparations was about 7.8, but the
preparations were less pure than later described by
Norris (1973) and by the present author. The 'nuclear*
p.m. preparation in particular was used directly as
isolated from the zonal rotor (Burge, 1973) and, as shown
in this thesis, would be substantially contaminated by
other cytoplasmic RNases. A further important point is 
2+
that the Mg concentration used in the early studies 
when assaying the RNase was considerably lower than that 
now shown to be optimal, further depressing the activity 
of the p.m. RNase.
Morais and de Lamirande (1965^ showed It hat an
exonuclease was at least partially responsible for the
breakdown of endogenous RNA in microsomes. Their results
2+suggest that at pH 8.0 in the presence of Mg , up to 
one-third of the observed RNase activity may be due to the 
exonuclease, and Morais and de Lamirande (19654) suggested 
that the exonuclease was the same enzyme as the PDase 
hydrolysing bis(p-nitrophenyl)phosphate. However, the
design of their experiments renders interpretation difficult. 
There is a lack of data for marker enzymes and for 
homogenate activity (relevant to recovery) which would 
have allowed assessment of the contribution of contaminants, 
e.g. lysosomes, to the observed activities. The presence 
of poly(A)-hydrolysing activity in the microsomes suggests 
the presence of outer mitochondrial membranes with their 
associated 5'-endonuclease (Morais, 1969). Further, the
24-
lower activity observed in the presence of Mg , which 
suggested that the bulk of the activity was due to an 
EDTA-activated endonuclease, may merely have been due to
2*r
the stabilising effect of Mg on ribosomes, and hence to 
protection of the substrate (e.g. see Roth, 1967).
Despite these objections, it is tempting to agree with the 
supposition of Morais and de Lamirande (1965fl) that the 
exonuclease and PDase activities may be due to the 
same enzyme, as will be discussed later in this section.
The observations of Siefert and Vacha (1970b)
are similarly rendered of little merit by poor experimental
design and are obfuscated by uncertainty as to the basis
for expression of the results. However, the observed
effects of phénobarbital on the depression of ,RNase III1
24-
(i.e. RNase assayed at pH 9.5 in the absence of Mg 
or EDTA) closely parallel the depression of 5 *-nucleotidase, 
suggesting that this RNase activity was due to the p.m. 
enzyme. If one assumes that the 'RNase III' results are 
presented on the same basis (i.e. specific activity) as 
for 5 1-nucleotidase, then the observed depression of both 
'RNase III' and 5'-nucleotidase is readily explained as 
a 'passive' phenomenom resulting from proliferation of 
the endoplasmic reticulum, rather than a change in the 
activities in, or amount of, the p.m.
The properties of the p.m. phosphodiesterase 
described in this thesis are similar to those of the 
p.m. PDase described by Touster et al. (1970) and the
microsomal 5 T-PDase (i.e. PDase assayed with
p-nitrophenylthymidine 5 1-phosphate as substrate)
described by Futai and Mizuno (1967) and de Lamirande
et al. (1966). The pH optimum now reported is somewhat
lower than has been reported for the microsomal enzyme,
but the extremely sharp response to the addition or 
24-
removal of Mg ions is very similar.
There are many reports of PDase activity in 
isolated liver p.m. preparations (e.g. see Solyan and 
Trams, 197*1) and both bis (p-nitrophenyl )phosphate and 
p-nitrophenylthymidine 5 1-phosphate have been used as 
substrate by different workers. Brightwe11 and Tappel(1968a)
would thus seem to be incorrect in stating that alkaline 
PDase (1 alkaline PDase 1 1) does not attack
bis(p-nitrophenyl)phosphate, activity towards this substrate 
being found only in lysosomes (pH 5.2 1PDase IV*) and 
the supernatant (pH 6.6 1PDase IV'). The results of 
Futai and Mizuno (1967) who state that purified 5'-PDase 
does not attack bis(p-nitrophenyl)phosphate argues against 
the identity of the two activities found in p.m., but 
their findings are contradicted by those of Touster 
et al.(1970). The latter group presented strong evidence 
that the non-specific PDase which hydrolyses 
bis(p-nitrophenol)phosphate is the same as the 5*-PDase 
which breaks down p-nitrophenylthymidine 5'-phosphate and 
a variety of synthetic oligonucleotides and can also 
break the pyrophosphate bond in NADP.
2 %
The similarity of the properties of the p.m.
RNase and PDase activities described in this thesis 
suggests that the two activities also may be due to the 
same enzyme. This supposition is strengthened by the 
observation that the two activities had the same 
sedimentation rate after dissolution of the p.m. with 
detergents. However, this result must be interpreted 
with caution. The action of detergents on membranes is 
complex, and may produce fragments ranging in size from 
single proteins, perhaps associated with one or more 
lipids (cf. Widnell and Unkeless, 1968), to very large 
structures such as the tight junctions of liver p.m.
(Bsnedtiff*/ ’ and èfitnClof’. , 196@). Further, small fragments 
may interact with each other and with the detergent to 
form heterogenous artefacts such as micelles. Thus, 
the observation that the RNase and PDase activities of 
solubilised p.m. co-sediment in sucrose gradients might be 
explained in two ways, namely:
(i) The two activities were due to a single enzyme. This 
enzyme would probably have been released either as an 
individual protein or lipoprotein or as a part of some 
small sub-unit of the p.m. This supposition is supported 
by the observation that very similar patterns were 
obtained when the p.m. solubilised with different 
detergent solutions viz.1% Triton X-100, 1% DOC and
0.5% Triton X-100 + 1% DOC (see Fig.Ill.8), which suggests 
that the activities were due either to one protein or 
to an enzyme closely associated with some specialised 
sub-unit. If the p.m. had been split into random fragments,
2??
or random micelles had been formed then the distribution 
of the activities in the various detergent solutions 
would almost certainly have differed (e.g. Bont et al.,
1969). It is unlikely that the enzyme was associated 
with very large structures such as tight junctions since 
these would have been removed during the high-speed 
centrifugation of the samples prior to their application 
to the gradients.
(ii) The two activities were due to two distinct enzymes,
i.e. an RNase and a PDase. It is probable that, if two 
enzymes were indeed present, they were both located in 
the same small fragment, in view of the similarity in the 
sedimentation rates of the two activities. If instead 
these supposed enzymes were sedimenting either as 
individual proteins or as part of distinct small fragments, 
then these must have been remarkably similar in size. 
Similarly to the case for (i) above, the similarity of the 
distributions of the two activities in different detergent 
solutions argues against the possibility of the two 
enzymes being associated with random fragments of the p.m. 
or in heterogenous 1 micelles 1.
Clearly, sucrose gradient centrifugation cannot 
indicate whether the suppositions in (i) or those in (ii) 
are correct, and other approaches are necessary. If 
there were two enzymes, located in different fragments, then 
techniques such as ion-exchange or affinity chromatography 
might readily be used to separate them. If, however,
mthe activities were located in the same fragment then 
the problem becomes much more complex, in that extensive 
enzyme purification studies would be necessary. As 
discussed below, one common purification technique may 
give quite different results in the hands of different 
workers, which suggests that considerable difficulty 
could be encountered in carrying out a definitive study.
Polyacrylamide gel electrophoresis (PAGE) has 
been used by several groups of workers to separate the 
5*-PDase (sometimes termed 'nucleotide pyrophosphatase') 
of the p.m. from other p.m. components (Dulaney and 
Touster, 1970; Decker and Bischoff, 1972; Bachorik and 
Dietrich, 1972). Duianejy and T o as te r C I were able
to demonstrate separation of 5'-PDase from other p.m. 
enzymes such as alkaline phosphatase by PAGE in the 
presence of either Triton X-100, DOC or sodium dodecyl 
sulphate (SDS). Their results suggest that the 
5'-PDase was associated with a small fragment of the p.m. 
since its apparent size was affected by changes in the 
choice of detergent used to solubilise the p.m. In the 
ppesent author's hands, however, the techniques of 
Dulaney and Touster (1970) were unsatisfactory in that 
virtually no material from solubilised p.m. entered the 
gels. This may have reflected differences in the p.m. 
preparations used in the two studies. Dulaney and 
Touster (1970) used a 'microsomal' p.m. preparation which 
had a very low (1.11-1.13) isopycnic density and which was 
composed largely of closed vesicles with no desmosomes.
The 1 nuclear1 p.m. preparation used in the present study, 
however, is enriched in bile canuliculi (Hinton et al.,
1970) and it is reasonable to suppose that such 
specialised regions might yield large fragments on 
solubilisation which would rapidly block the gels. Indeed, 
the distribution of alkaline (p-nitrophenyl)phosphatase 
in the zonal gradient used to fractionate solubilised p.m. 
(Fig.III.9) suggests that the 'nuclear* p.m. did contain 
specialised regions which yielded large fragments on 
solubilisation.
However, comparison of the results of Bachorik 
and Dietrich (1972) with those of Decker and Bischoff (1972) 
suggest that the conflicting results discussed in the 
above paragraph cannot be accounted for simply on the 
basis of differences between 'microsomal' and 'nuclear* 
p.m. Bachorik and Dietrich (1972) found that 
Triton X-100 (0.3%) solubilisation of liver microsomal 
fractions released the 5'-PDase ('nucleotide pyrophosphatase* 
into a large membrane fragment whose apparent molecular 
weight was of t.he order of 1.5x10^. This preparation very 
reluctantly entered 5% PAG. This fragment could be 
reduced in size by about 50% by the addition of 0.1% SDS. 
Their observation on the effect of Triton X-100 on the 
size of 5'-PDase from microsomal fractions thus accords 
with those of the present author for 'nuclear' p.m.
Decker and Bischoff (1972), however, used a p.m.
preparation isolated according to Ray (1970) which is 
thus likely to resemble 1 nuclear1 p.m. fractions rather 
than 'microsomal* p.m. Yet these workers, who used 
Triton X-100 at only 0.2%, made no mention of difficulties 
in achieving separation of 5*-PDase by PAGE, and moreover 
obtained a highly-purified enzyme preparation.
Clearly, there is a marked variation in the 
apparent size of the fragments released from p.m. by
T
detergent-solubilisation techniques in the hands of 
different workers, for reasons which are not obvious.
Hence, the demonstration of the identity or otherwise of 
the enzyme(s) responsible for the RNase and PDase activity 
of the p.m. is likely to require an extensive, careful 
study.
u
The properties of both^non-specific PDase and 
the p.m. RNase are similar to the properties of the 
glyoerylphosphorylcholine phosphohydrolase (GPC P'ase);
studied by Lloyd-Davies et al. (1972). Although 
Lloyd-Davies and her colleagues argued, on the basis of 
differences in behaviour of the enzymes during purification, 
that the GPC Pase and 5 *-PDase cannot be the same enzyme, 
the results presented could have been due to the adhesion 
of the soluble form of the enzyme to material in the 
initial pellet, and its elution later in the purification.
If this were so, then it is possible that the p.m. contains 
a single enzyme capable of attacking both pyrophosphate 
and a wide variety of phosphodiester bonds. If the 
various activities are due to different enzymes, then one
Ml
must conclude that their characteristics are remarkably 
similar.
Since the completion of the studies reported in 
this thesis, a number of reports have been published 
which argue against the postulate that one enzyme is 
responsible for many, if not all, of the activities 
discussed above. Bachorik and Dietrich (1972) purified 
176-fold a nucleotide pyrophosphatase from liver p.m. 
which hydrolysed bis(p-nitrophenyl)phosphate at only 0.3% 
of the rate at which NAD was degraded, in agreement with 
the results of Futai and Mizuno (1967). Decker and
Bischoff (1972) obtained a 1580-fold purified enzyme from 
liver microsomes which they designated 1 nucleotide 
pyrophosphatase1; the enzyme was particularly active 
against p-nitrophenylthymidine 5 *-phosphate, and is thus 
the same enzyme described by Futai and Mizuno (1967).
Decker and Bischoff (1972) mentioned that their preparation 
released 5 1-AMP from yeast RNA, È.Coli DNA and poly(a) 
at less than 1% of the rate of p-nitrophenylthymidine 
phosphate cleavage. No details were given of the assays 
used for the nucleases. More recently, Evans et al.(1973) 
purified an enzyme from mouse liver p.m. which also 
hydrolysed p-nitrophenylthymidine 5 1-phosphate and a 
number of substrates containing pyrophosphate bonds, 
e.g. ATP, NAD and DDF-galactose. The enzyme was reported 
to be virtually inactive towards RNA and glyceryl—
phosphoryl choline. .
Taken collectively, the reports summarised in 
the preceding paragraph indicate that the enzyme variously 
termed 5*-PDase and nucleotide pyrophosphatase cannot be 
responsible for the hydrolysis of RNA and 
bis(p-nitrophenyl)phosphate. The results of Bachorik 
and Dietrich (1972), like those of Futai and Mizuno (1967), 
are hard to reconcile with those of Touster et al.(1970);• 
if the activities towards bis(p-nitrophenyl)phosphate and 
p-nitrophenylthymidine 5 1-phosphate are due to different 
enzymes, then their properties are extremely similar.
The lack of activity towards RNA in the 
preparations discussed above would also seem to suggest 
that the PDase and RNase activities are due to two distinct 
enzymes. It is possible, however, that this may be 
partly due to the assay methods used. Decker and 
Bischoff (1972) apparently measured 5 *-AMP release from 
1yeast RNA1. It is not clear how this assay was carried 
out, or what the nature of the substrate was. Futai and 
Mizuno (1967) reported that RNA was degraded by their 
enzyme preparation at about 10% of the rate of 
p-nitrophenylthymidine 5 1-phosphate hydrolysis, but again 
no details of the assay procedure were presented. The 
substrate in these studies was yeast t-RNA, which 
presumably possessed extensive secondary and tertiary 
structure. The ribosomal RNA preparation used by 
Evans ejt al. (1973) may also be presumed to possess 
extensive secondary and tertiary structure.
2$3
It can be argued that such RNA molecules may be 
poor substrates for RNase assays. Although enzymes such 
as bovine pancreatic RNase are capable of hydrolysing RNA 
which has small areas of secondary (i.e. helical) structure, 
substrates such as native t-RNA or r-RNA are at least 
partially resistant to a number of RNases (e.g. see 
Barnard, 1969). Indeed, Neu and Heppel (1964) used 
t-RNA when studying B.Coli RNases since, under the 
conditions used,exonucleases hardly attacked the substrate.
If, as discussed above, the p.m. RNase is the same enzyme 
as the 5 1-PDase, then the enzyme may be an exonuclease.
(cf. Chapter I, section B). The lack of RNase activity 
in the enzymes isolated by the workers cited above may 
thus be due merely to a poor choice of substrate. It may 
be relevant here that the use of the high-molecular-weight 
RNA obtained from Calbiochem in one of the present author's 
Mg2 ‘-activation studies gave slightly lower activity than 
the yeast RNA preparation used routinely to assay for 
RNase activity. It is unfortunate that these experiments 
were not repeated using t-RNA as substrate, which would 
have indicated whether the above hypothesis was correct.
The claim by Evans et al. (1973) that the
purified 5 1-PDase displayed no activity toward RNA may
be disputed on other grounds. Firstly, Evans et al (1973)
failed to add Mg ions to their assay medium. In view
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of the distinct possibility that much of the Mg *
(or other divalent ions) apparently bound to the p.m.
(at least in the present author1s p.m. preparations) was
lost during the purification procedures used by
Evans et al. (1973), and given the high (7.5mM) Mg2+
concentration now shown to be optimal for the enzyme, then
the low RNase activity in their purified enzyme preparation
may be at least partly due to severely suboptimal Mg2+
concentrations. While it is not possible to make this
assertion firmly in the case of the other purified
preparations (e.g. that of Futai and Mizuno, 1967) since
no details of the assays were given, it is unlikely that
2+the concentrations of Mg (if any) used by those workers 
was opt imal.
The studies of Evans et al. (1973) may be 
criticised also on grounds other than the choice of 
substrate and ionic conditions for the RNase assay. These 
workers used the anionic detergent Sarkosyl 
(sodium N-lauryl sarcosinate) to solubilise their p.m. 
preparation. Sarkosyl, however, is an excellent RNase 
inhibitor and has been used as an alternative to the 
poorly soluble detergent SDS in procedures for the 
isolation of RNA (e.g. Muramatsu, 1973). While there are 
apparently no quantitative studies of the effects of 
Sarkosyl on RNase activity, it is worth noting that 
Dickman e_t al. (1956) found that the similar detergent 
SDS at 100pg/ml final concentration gave 95% inhibition of 
pancreatic RNase. If Sarkosyl has a similar potency, 
then the lack of RNase activity in the preparations of
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Evans et al. (1973) may be due to the presence of this 
detergent, as considered below.
Evans et al. (1973) reported that the Sarkosyl 
extract of the p.m. preparation contained an equal 
proportion (45-50%) of the total activity of 5 1-PDase and 
RNase in the untreated p.m. (the lower purification, 6.3, 
stated for the RNase than that stated for the 5 *-PDase 
(0.5) is thus presumably a misprint). This low yield was 
attributed to inactivation, yet no overall recovery values 
(i.e. activity in the Sarkosyl extract * that in the 
insoluble material) were provided to support this suggestion. 
Neither were any data reported to indicate the fate of 
the RNase activity in the zonal gradient. In the final 
purified preparation, the RNase specific activity was 
little changed from that in the Sarkosyl extract, whereas 
that of the 5*-PDase was some 19-fold higher. This 
observation suggests that the two activities were not due 
to the same enzyme. However, while the absence of recovery 
values makes it difficult to argue conclusively, it is 
possible that this result was due to a differential 
inhibition by Sarkosyl of the two activities of one enzyme.
The suggestion proposed in the last paragraph is 
not without precedent in the literature. The hydrolysis of 
RNA by pancreatic RNase is markedly affected by certain 
inhibitors which, however, have little effect on the 
hydrolysis of 2 1, 3'-cyclic nucleotides, as discussed by
Barnard (1969). This he explains by proposing that the 
inhibitors interact with a site on the enzyme responsible 
for binding RNA, rather than with the active site to which 
small molecules bind directly. In the present case, a 
similar hypothesis could account for the observations of 
Evans et al. (1973). The apparent differences in the RNase;: 
and 5 1-PDase activities of the final enzyme preparation as 
compare^; to those in the Sarkosyl extract of the p.m. are 
then explained if, as seems likely, relatively more of the 
dilute fractions from the Sephadex column used in the 
final purification step were taken for assay than of the 
concentrated Sarkosyl extract of the p.m. Thus, in assays 
of the final preparation, the detergent concentration would 
be higher, and the RNase activity inhibited to a greater 
extent, than in assays of the original extract. Evans 
et al.(1973) fail to indicate whether all of their assays 
included the same concentration of Sarkosyl. That the 
5 !-PDase is resistant to high concentrations of detergent 
is suggested by the observations of Dulaney and Touster (1970) 
who demonstrated activity in the presence of 1% SDS.
Two observations may be noted which support the 
suggestion discussed in the last paragraph. Firstly, the 
3'-PDase activity of the preparation described by Evans 
et al.(1973) was enriched only 10-fold over that of 
untreated p.m., which is little different to the 8-fold 
enrichment of both RNase and PDase activity obtained by 
the present author when Triton X-100-treated p.m. was
merely fractionated in a zonal rotor, which suggests either 
that Sarkosyl inhibited the RNase activity of the 
preparation by EvansT group, or that the detergent may 
markedly inhibit 5 1-PDase activity also. Secondly,
Evans et al. (1973) found that while their purified 
enzyme was extremely active against UDP-N-acetylglucosamine, 
it was "surprisingly" inactive towards a 
UDP-N-acetylmuramyIpentapeptide preparation from 
Staphylococcus aureus. This may suggest that their enzyme 
preparation was unable to bind large substrates because of
the presence of the detergent.
One further report (Emmelot and Bos, 1969b)
suggests that the RNase and PDase activities of the p.m.
may be due to different enzymes. These workers reported
that the RNase activities at pH 8.9 in the p.m. of
3 mouse hepatomas were markedly lower than in mouse liver
p.m., while PDase activity was similar in all preparations.
These observations will be discussed in more detail later
in this Chapter (section C) but here it may be stated that
Emmelot and Bos (1969b) did not show that their assay
conditions were valid, particularly with regard to the
possibly crucial effects of divalent ions, which latter
were omitted from the RNase assay medium.
(b) How many enzymes degrading HNA; are 
present in the plasma membrane?
As discussed in parfcl of this section, there is 
little evidence for a distinctive EDTA-resistant RNase in 
the purified p.m. preparations studied here. The observed
loss of EDTA-resistant RNase on flotation of the zonal p.m. 
indicates that much of the activity in the latter fraction 
was due to contaminants, notably the alkaline RNase of the 
supernatant as inferred from the low overall recovery of 
the EDTA-resistant RNase activity during the flotation step. 
Taken with the observations of Emmelot et al. (1964) on 
the solubility in NaCl and stability in dilute Ii^SOA of the 
activities at pH 8.9 and pH 7.6, it is reasonable to 
ascribe the bulk of the residual activity in the presence 
of EDTA of the purified p.m. fraction to residual, adsorbed 
supernatant RNase and to residual activity of the p.m.
RNase in the presence of EDTA.
There was, however, some evidence for a second 
RNase in the p.m. A small peak of RNase activity, never 
more than about 5^10% of the total activity, was found at 
the end of the gradients following centrifugation of 
solubilised p.m. preparations. It is unfortunate that 
the material obtained by fractionation of solubilised p.m. 
in the zonal rotor became inactivated before study could be 
made of the properties of the activity at the end of the 
gradient. If the RNase in this region is due to 
contaminants, they must be specifically localised in, or 
adsorbed to, large fragments of the p.m. However, 
interpretation of the significance of this peak is 
complicated by the 1 scatter1 of activity between the 
fractions in this region of the zonal run, and the inherent 
uncertainty in the data from the tube gradients, the data
being derived from only single assays.
Since the completion of the studies presented 
here,two groups of workers have published reports on the 
RNase activity of isolated p.m. which in part disagree from 
the present author 1s observations. These reports are 
described below in some detail, and are jointly discussed 
thereafter.
Yannarell and Aronson (1972) published an abstract 
which suggested that the p.m. degrades RNA by a series of 
reactions involving an endonuclease, a phosphodiesterase 
( 1 PDase I 1) with "an absolute requirement for Zn.^ +M, and 
3 1- and 5 1-nucleotidases. The endonuclease was apparently 
resistant to EDTA. They further claimed that "neither a 
fraction rich in endoplasmic reticulum nor a fraction rich 
in both mitochondria and lysosomes degraded RNA at 37°C 
and pH 8.8", a surprising statement as RNase activity under 
the same assay conditions was apparent in most fractions 
of the zonal run described in Fig.III.7 of this thesis, 
evan in some regions of the gradient where 5 f-nucleotidase 
was very low.
A subsequent report (Yannarell and Aronson, 1973) 
described this proposed scheme in greater detail. They 
isolated p.m. fractions from both nuclear and microsomal 
fractions according to Touster et al.(1970). The only 
enzymes assayed were 3 1- and 5 1-nucleotidases, 5*-PDase, 
and RNase activities at pH 7.8 (EDTA present) and pH 8.8
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(no EDTA or Mg present); no recovery data were presented. 
A "subcellular distribution" study was reported, but the 
results are of little value since the only values given 
were for relative specific activity (RSA). However, the
values do not support the earlier claim (Yannarell and 
Aronson, 1972) that a mitochondrial + lysosomal fraction 
exhibited no RNase activity at pH 8.8 in the absence of 
EDfA. Such activity, as one would expect, was detected 
in all subcellular fractions.
With no added activators or inhibitors, the 
pH optimum of the RNase activity of the 1 microsomal1 p.m. 
preparation (as used in most of their studies) was about 
9.3. The products of the reaction were studied. After 
a prolonged incubation, the reaction was 1 terminatedf by 
heating the mixture at 100° for 5 min and the denatured 
membranes removed by centrifugation. The material 
remaining was then dried in a rotary evaporator and 
examined by DEAE-cellulose chromatography. The bulk of 
the products were nucleosides with a smaller amount of 
nucleotides. ihere was also a 1 smear1 of oligonucleotides 
When ESTA was included in the assay, the pH optimum was 
about 7.7 and few nucleosides were detected in the products 
The amount of mononucleotides was much reduced while the 
smear of oligonucleotides was similar to that obtained in 
the absence of EDTA. The authors concluded that the
EDTA-resistant enzyme was an endonuclease whose products, 
in the absence of EDTA, were 3 1-dephosphorylated by
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3 1-nucleotidase and then degraded to 5 *-mononucleotides 
by PDase. The nucleotides were then hydrolysed to 
nucleosides and orthophosphate by 5 «-nucleotidase.
While the specific activities of 5 «nucleotidase 
and 5 1-PDase were similar in both 'nuclear' and 
'microsomal' p.m. preparations (and were almost twice 
those reported in the original report by Touster et al.,1970), 
the 'endonuclease' activity of the microsomal p.m. was 
almost twice that in the 'nuclear* p.m. A p.m. fraction 
was also prepared according to Ray (1970). Relative to 
the activity of 5'-nucleotidase, these membranes displayed 
less than 30% of the 'endonuclease' activity of microsomal 
p.m. preparations, whilst exhibiting about 95% of the 
5'-PDase activity of the microsomal p.m. preparation on 
the same basis. No explanation was offered to account 
for this discrepancy. To account for the different 
activity of the 'endonuclease * in the nuclear and 
microsomal p.m. fractions, the authors suggested that the 
microsomal p.m. fraction was contaminated by Golgi fragments.
A 'Golgi' fraction (for which no marker enzymes, e.g.
UDF-tgalactosyl transferase, were assayed) was found to 
possess activities of 5'-nucleotidase and 5 '-PDase which 
were about 10% of that in the 'nuclear' and 'microsomal' 
p.m. fractions, while the specific activity of the 
EDTA-resistant RNase was equal to that in the 'nuclear' 
p.m. fraction and half that in the 'microsomal' p.m. 
fraction. However, the 'excess * endonuclease in the
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1 microsomal' p.m. fraction may be partly explained as 
being due to adsorbed cytosol enzymes, for when a 
microsomal p.m. fraction was washed with 0.15M NaCl 
according to Emmelot et al. (1964), 25% of the 1 endonuclease! 
activity was removed, in agreement with the observations 
of Emmelot et al. (1964) on p.m. fragments isolated from 
the nuclear fraction.
Subsequently, Gavard et al. (1974b) reported 
studies on the RNase and 5 *-PDase activities of hepatocyte 
p.m. They found that in the presence of EDTA there were 
two distinct peaks of RNase activity, one at pH 6.3 and 
the other at pH 7.4, the latter being less activated by 
EDTA than the pH 6.3 activity. When the membranes were 
briefly washed with lOmM phosphate, pH 7.4, 75% of the 
RNase activity at pH 6.3, and 40% of that at pH 7.4 was 
extracted.
The buffer in assays for the pH curve was 0.1M 
phosphate containing 7.5mM EDTA. Their stated reason for 
including EDTA was to inhibit the nucleotide pyrophosphatase 
(i.e. 5 1-PDase) reported by Decker and Bischoff (1972) to 
slowly attack RNA. As the 5 1PDase was found by 
Gavard et al.(1974b) to have a pH optimum of between 9.5 
and 10.0 and to be 400 times more active in the presence 
of 5mM Mg2+ than of 5mM EDTA, they would appear to have
2-r
achieved this objective. Yet, when the effects of Mg 
and EDTA on the RNase activities of pH 6.3 and 7.4 were
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investigated, again usigg phosphate buffer, Mg2+ inhibited 
the RNase activity at both pH values despite the finite 
activity of the 5 1-PDase at pH 7.4 as described by them 
and the reported stimulation of 5 1-PDase by phosphate ions 
described in an earlier report by the same group 
(de Lamirande et ad., 1966).
Gavard et al. (1974b) also studied the effects 
of the supernatant RNase inhibitor on the different activities. 
The 5 1-PDase and pH 6.3, EDTA-activated RNase were 
unaffected by the inhibitor, while the pH 7.4,EDTA-resistant 
RNase could be totally blocked. As the kinetics of this 
inhibition were different to that obtained with the 
supernatant alkaline RNase, the authors concluded that 
the pH 7.4 RNase activity was due to an intrinsic component 
of the p.m. and not to adsorbed supernatant RNase.
The procedure used to isolate the p.m. by zonal 
centrifugation of a crude nuclear fraction (Gavard et al.,1974a) 
did not include a rehomogenisation and flotation step, the 
p.m. sheets being collected merely by sedimentation. Despite 
this, their data for 5 1-PDase recovery show a very similar 
pattern to that observed by the present author in that 
about 30% of the 5 1PDase activity associated with the zonal 
p.m. was lost in collection of the 'purified* p.m. fraction. 
Gavard et al. (1974b) ascribed this loss of activity to a 
possible loss of divalent ions during sedimentation of the 
membranes. No divalent ions were present in the 5 *-PDase 
assay medium, and no investigation was made of the effects 
of adding^e.g.|Mg to the *purified* membrane fraction to
mtest their hypothesis, despite their observation that the 
5 1-PDase was extremely sensitive to changes in the Mg
concentration. However, it is not clear why the membranes
2+  / 
should lose Mg solely during the final sedimentation step.
There was no marked loss of EDTA-resistant RNase activity
at pH 7.4 on sedimentation of the zonal p.m. fraction.
Gavard et al. (1974b) suggested that both 
EDTA-resistant RNase activities were intrinsic to the p.m.
In particular, they discounted the possibility of the 
pH 6.3 RNase being due to lysosomal acid RNase since they 
claimed that their p.m. preparations were devoid of acid 
phosphatase activity. No data for this enzyme were 
reported, reference being made to the earlier report 
(Gavard et al., 1974a). The latter paper, however, 
contains one curious statement:at the end of the 
preparative procedure, the p.m. was collected by 
centrifugation and the pellets "stored at 0°C overnight".
If, as this suggests, enzyme <SjSSatp were not performed 
until 12-18 hours later, then their claims for the purity 
of their p.m. preparation are open to doubt. The activities 
of contaminating enzymes such as succinate dehydrogenase 
may simply have fallen during storage to levels below the 
limits of sensitivity of the assays. It is also noteworthy 
that the incubation of succinate dehydrogenase assays was 
for 30 min; in the experience of the present author, this 
assay becomes drastically non-linear after 20 min incubation 
(Chapter II, section D-1+ (I*)),
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The conclusion drawn by both Yannarell and 
Aronson (1973) and Gavard et al. (1974b) was that the 
hepatic p.m. possesses an EDTA-resistant RNase with a 
pH optimum of 7.3 to 7.7, which is thus quite distinct to 
the RNase activity described in this thesis. Their results 
suggest that the RNase activity described in this thesis 
is due to the PDase of the p.m. acting on the products of 
the EDTA-resistant RNase, claimed to be an endonuclease 
by Yannarell and Aronson (1973). However, the present 
author is not convinced that this EDTA-resistant RNase 
activity is necessarily intrinsic to the p.m. It seems 
more likely that this activity was due to contaminants of 
the p.m. preparations, as may be argued on several grounds 
i.e.'
(i) The EDTA-resistant RNase activity at pH 7.4-7.8 was 
extremely low in all types of p.m. preparations, including 
that now studied, and thus very small amounts of cytoplasmic 
contamination could account for the activity, If the 
activity had been due to a p.m. enzyme, then one would 
expect that the more purified p.m. preparations (i.e. those 
most enriched in 5 T-nucleotidase activity relative to the 
homogenate) such as those used by Gavard et al. (1974b) 
would exhibit a higher EDTA-resistant RNase activity then 
the less purified p.m. preparations as used in the present 
study. However, the activity of this RNase was very similar 
in all types of p.m. preparations, which argues against 
location of the activity in the p.m. itself. This 
observation is true whether the results are compared in
terms of absolute RNase activity or of the relative 
specific activity for RNase. While it may be pointed out 
that comparison of absolute activities between different 
laboratories requires great caution because of possible 
variations in the activity of a given enzyme between 
different strains of animals or because of variations in 
assay procedures, and that the values obtained for the 
RSA of the RNase could be markedly affected by variations 
in the activity of the endogenous inhibitor in the homogenate 
(cf. Chapter I, Section C.1), the similarity of the values 
obtained in the different laboratories is striking.
(ii) The explanations advanced by Yannarell and Aronson
(1973) to account for the different specific activity of the 
EDTA-resistant RNase in the various p.m. fractions studied 
by them are highly suspect. The 2-fold difference in 
activity between the !microsomal1 and 1 nuclear1 p.m. fractions 
prepared according to Touster _et al. (1970) cannot possibly 
be due to contamination of the microsomal p.m. fraction 
by *Golgi* fragments. The putative Golgi fraction 
displayed the same RNase activity as the *nuclear * p.m., 
but only 10% of the other enzymes e.g. 5*-nucleotidase and 
5 *-PDase. Thus, contamination by * Golgi1 fragments could
result only in a lowering of 5 *-nucleotidase and 5 *-PDase 
specific activity, and no change in the RNase activity, of 
the microsomal p.m. A more probably explanation is that 
their * microsomal * p.m. fraction was contaminated by other
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cytoplasmic membranes such as those of lysosomes and 
mitochondria which may band at similar densities to 
p.m. fragments (e.g. Norris, 1973).
Further, when Yannarell and Aronson (1973) 
studied p.m. fragments isolated according to Ray (1970), 
the EDTA-resistant RNase activity of this p.m. fraction 
was lower than that in either of the p.m. fractions isolated 
according to Touster et al. (1970). While these 
discrepancies could be explained by supposing that each of 
the various p.m. fractions was derived predominantly from 
different regions of the p.m. which differed in their RNase 
content, it is much more likely that the variations in the 
EDTA-resistant RNase activity were due to variations in the 
extent and nature of the contaminants present in the 
different preparations.
(iii) A substantial proportion of the alkaline
EDTA-resistant RNase activity could be removed by washing 
the p.m. with salt solutions (Yannarell and Aronson, 1973)
Gavard et al., 1974b). This suggests that much of the 
activity was due to adsorbed alkaline RNase of the cytosol.
This possibility is not excluded by the studies on 
"inhibition factors" cited by Gavard et al. (1974b) since 
these factors are valid only for pure enzymes, and these 
observers reported that another saline-soluble RNase, viz. 
that active at pH 6.3, was also present in their p.m. 
preparation and that the endogenous inhibitor had markedly 
different effects on the two activities.
(iv) There is another possible contaminant of p.m.
which could account for some of the EDTA-resistant activity. 
Umeda et al. (1969) obtained an RNase, purified 6000-fold 
from rat serum, which had many of the properties of the 
EDTA-resistant RNase. The enzyme was optimally active at
pH 7.8, but the curve was very flat between pH 7 and 8.
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The enzyme was not affected by inclusion of EDTA or Mg , 
but was inhibited by the endogenous RNase inhibitor of 
rat liver. Perhaps some of the EDTA-resistant RNase 
activity of p.m. may be due to adsorbed serum RNase. Rat 
liver p.m. fractions have long been known to cross-react 
immunologically with rat serum (e.g. Emmelot et al., 1964; 
Allen, 1969). Recent studies in our laboratory have 
shown that only 30% or so of these anti-(rat-serum) binding 
antigens can be removed by prolonged washing with 0.15M NaCl 
followed by 0.2M NaHC0o, pH 9.0 (Issa and Hinton, 1974).
While quantitative comparisons have yet to be reported, it 
is possible that especially in preparations from perfused 
liver the 1 microsomal1 p.m. fractions may contain 
relatively more bound serum protein than 'nuclear* p.m. 
fractions if, as discussed in Section A.l of this Chapter, 
the microsomal p.m. derives predominantly from the sinusoidal 
surface while the nuclear p.m. derives predominantly from 
the apposed bile-canulicular surface of the hepatocyte.
Such a hypothesis does have at least some 
experimental foundation. Norris (1973) observed that 
prior perfusion of the liver did not result in a substantially 
altered purification of microsomal p.m. fragments as
compared to that obtained when unperfused liver was used. 
Hinton et al. (1970) on the other hand observed a 2-fold 
increase in purity when p.m. fragments were isolated from 
the nuclear fraction of perfused liver as compared to 
unperfused liver. While the RNase activity of serum 
is very low, it should be remembered that the RNase 
activity of purified p.m. in the presence of EDTA is also 
very low. Given the possible presence of at least two 
adsorbed RNases, viz. those of serum and of the 
supernatant, and that salt-washing probably does not remove 
more than proportion of adsorbed proteins, claims that the 
EDTA-resistant RNase activity of purified p.m. is an 
intrinsic membrane component are hardly justified.
(v) The EDTA-resistant RNase activity does not have to
be attributed entirely to contaminants. The similarity
between the response of the RNase and PDase activity to
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changes in the Mg or EDTA concentration now reported 
argue against a substantial EDTA-resistant activity 
distinct from the main activity. The pH curves obtained 
in the presence of EDTA by Yannarell and Aronson (1973) 
and Gavard et al. (1974b) are biased by the experimental 
methods used by these workers. Yannarel and Aronson (1973) 
extensively dialysed their p.m. preparations after EDTA 
treatment, and they reported that the dialysis (as opposed 
to the EDTA treatment) resulted in a permanent inactivation 
of almost 50% of the 5*-PDase. Any residual activity 
of the PDase towards RNA in the presence of EDTA would
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thus have been selectively reduced. Gavard et al. (1974b) 
carried out their assays using 0.1M phosphate as buffer, 
despite a previous report (Norris et al., 1971) that the 
RNase and PDase activities of p.m. preparations were 
markedly inhibited by this buffer. Experiments in our 
laboratory (Norris K.A. and Burge, M.L.E.\ unpublished 
observations) have shown that the RNase and PDase 
activities of purified p.m. are markedly inhibited by 
phosphate, and that this inhibition increases as the pH 
of the assay medium is raised. The data presented by 
Gavard jet al. (1974b) for the effects of Mg^ ‘ or EDTA 
'concentrations on the different enzymic activities also 
indicate that such inhibition occurred in their studies.
(vi) The scheme proposed by Yannarell and Aronson (1973),
acceptance of which is implied in the report by 
Gavard el: al. (1974b), requires that a 3 1-nucleotidase in 
the p.m. removes the terminal 31-phosphate of the 
oligonucleotides produced by the endonuclease in order 
that the products be attacked by the PDase. However, 
studies in our laboratory (El-Aaser, 1965 ; El-Aaser znd 
Reid, 1969) and that of Widnell (Widnell and Unkeless, 1968) 
have shown that the p.m. lacks activity towards nucleotides 
other than those with a 5 1-phosphate residue. Further, 
no evidence has been presented to warrant the claim that a 
1 3 1-endonuclease1 is present, no studies having been made 
on the position in oligonucleotide products of any 
terminal phosphate residues.
Sol
Accordingly, the present author considers that 
the evidence for the intrinsic presence of a distinct 
EDTA-resistant RNase in the p.m. is far from conclusive. 
Extensive studies are needed to prove the presence or 
absence of such an enzyme, perhaps along the following 
lines :
(i) Detailed studies should be made of the properties 
(e.g. substrate specificity, ionic requirements) of 
RNase(s) separated by salt-washing and detergent 
solubilisation of purified p.m. preparations.
(ii) Antisera should be raised against purified cytoplasmic 
and serum RNases. These would be useful in examining
the possible origins of different RNases in purified p.m. 
preparations and in fractions from solubilised or 
saline-washed p.m.
(iii) Assay procedures must be carefully chosen to 
exclude possible inadvertent over- or under-estimâtion of 
different enzymic activities}e.g.^the use of inhibitory 
buffers must be avoided.
(iv) Careful assessment, lacking in some of the studies 
discussed above, must be made of the contribution by 
contaminating organelles to the RNase activity of purified 
p.m. preparations.
(v) A variety of different approaches should be used to 
isolate the p.m. in order to investigate problems of 
selection and of differences in the nature and extent of 
the contaminants present.
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B . Isolation of p.m. fragments from hepatomas
1. Problems encountered in the isolation of p.m. fragments 
from hepatomas
The problems encountered in this study of hepatoma 
p.m. fragments may be separated into three groups. Firstly, 
it was necessary to avoid aggregation with other cell 
components. Thus, the p.m. fragments could not be pelleted 
with erythrocytes, as this led to irreversible aggregation, 
and the homogenates had to be very carefully handled, failing 
which the nuclei lysed to form an intractable nucleoprotein 
gel. Secondly, the p.m. fragments had to be separated 
from mitochondria, which were rather similar in size and 
density to the p.m., and from other membranous material. 
Thirdly, the yield and purity of the p.m. preparation fell 
as successive transplant generations were used, apparently 
due to progression of the tumour.
The early experiments with nuclear * mitochondrial 
fractions showed that erythrocytes could not be removed by 
lysis in hypotonic media because of the fragility of the 
nuclei. This agrees with the results of Davydova (1968) 
for solid and ascitic hepatomas, and Wolf and Avis (1970) 
for an ascites lymphoma. The latter workers observed that 
up to 60% of the cell ghosts were lost in the nucleoprotein 
gel resulting from homogenisation according to the procedure 
of Neville (1960). In the present study, addition of 2mM 
CaCl to the homogenising medium to toughen the nuclear
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membranes, as suggested by Emmelot and Benedetti (1967), 
failed to prevent nuclear lysis in hypototiic solutions.
Emmelot and Bos (1969a) reported that use of CaCl^ was only 
partially successful with their hepatomas.
Most of the problems connected with the stability
of the tissue suspension were, however, solved by the use
of isotonic sucrose containing 2mM CaCl^ as the homogenisation
2*medium. The addition of Ca also solved the problem of 
mitochondrial contamination, as these ions were found to 
increase the density of mitochondria from the usual value 
of 1.18 (Beaufay et al., 1964) to about 1.21, so removing 
them completely from the p.m. zone.
Erythrocytes were still a problem, however. 
Initially, the bulk of the erythrocytes (and the nuclei) 
could be removed by an initial low-speed centrifugation 
without causing a marked fall in yield of p.m. in the final 
preparation. However, as the hepatomas became more 
haemorrhagic with successive transplant generations, 
contamination of the mitochondrial fraction by erythrocytes 
became a serious problem, leading to aggregation of the 
p.m.
Still more serious was the fall in the purity and 
yield of p.m. in the zonal fraction. The amorphous material 
visible in many preparations evidently did not contain much 
of any of the marker enzymes assayed: the purification of
the p.m. fragments falling off with each successive 
generation of the tumour without there being any consistent 
increase in the specific activity of any of the other 
marker enzymes. This material had a similar density to 
p.m. fragments, and could not be removed by isopycnic 
flotation (Table III.9), but was possibly faster 
sedimenting. Such amorphous material had been noticed 
by other workers in this laboratory who separated tumour 
mitochondria with an AXII zonal rotor (Hartmann and 
Reid, 1969) and tumour lysosomes with an HS zonal rotor 
(Burge and Hinton, 1971; Burge, 1973).
The most striking change, however, was the fall 
of the yield of membranes, which was clearly related to 
transplant generation. While this was probably partly due 
to increased nuclear fragility, leading to increased 
aggregation, the most likely cause was increased fragility 
of the p.m. itself. Subsequently, the p.m. sheets were 
shown to be extremely sensitive to fragmentation during 
mild homogenisation.
Clearly then, separation of p.m. fragments from 
crude mitochondrial fractions is impracticable when 
fast-growing hepatomas are to be studied. Yet the 
observations made in these experiments enabled the development 
of the final procedure in which a crude p.m. fraction was 
obtained by flotation from the homogenate, further 
purification then being made on a rate-zonal basis. That
the flotation be carried out initially from the 
homogenate, rather than some subsequent (e.g. nuclear) 
fraction, is crucial to the separation. By a single 
centrifugation step, all of the nuclei and erythrocytes 
and the bulk of the mitochondria and other cytoplasmic 
organelles were removed. Indeed, the purity of the 
resulting 'floated* fraction was comparable to that obtained 
earlier for p.m. fractions separated from mitochondrial 
fractions (cf. Tables III.7 and III.13).
This approach has no close counterpart in the 
literature. Stein et al. (1968) prepared a crude nuclear 
fraction from unperfused liver following gentle homogenisatin 
in isotonic sucrose. This nuclear fraction was then 
floated in sucrose containing ImM MgCl^, washed with an 
EDTA-containing medium, and finally floated from sucrose 
containing ImM EDTA. Presumably, the EDTA dissolved 
the aggregates of p.m. with erythrocytes which one may 
expect to have formed on pelleting of the nuclear fraction. 
However, EDTA treatment would remove divalent cations 
from the membranes with deleterious results such as loss 
of specific p.m. components (Neville, 1969), and is 
therefore to be avoided where possible.
Song et al. (1969) likewise floated directly from 
the crude nuclear fraction of unperfused liver, but 
erythrocytes were removed by lysis, homogenisation being 
carried out in ImM NaHCO^. Such an approach would be
unsuccessful with tumours such as those studied in our 
laboratory, because of the problem of nuclear lysis.
The subsequent, brief rate-zonal centrifugation 
of the floated fraction in the present study yielded a 
p.m. preparation of high purity. In some experiments a 
peak of acid phosphatase activity was observed which 
sedimented somewhat faster than the p.m. This may have 
been due to the amorphous material, possibly debris from 
moribund cells, which contaminated the p.m. region in the 
earlier studies. This aspect of the study is considered 
further in the next section of this Chapter (2, below).
The brevity of the zonal run also resulted in an 
efficient separation of the p.m. fragments from the 
contaminants of the starting fraction notably fragments of 
endoplasmic reticulum and, more seriously, large lysosomes 
of similar density to the p.m. Nevertheless, substantial 
amounts of p.m., in the form of small fragments, were lost 
in the region of the gradient between the p.m. and sample 
zones. However, prolonging the centrifugation to collect 
these fragments with the rest of the p.m. sheets would have 
also sedimented lysosomes into the p.m. region.
Although the use of an alternative homogenisation 
procedure (i.e. use of a 'rubber-pestle' device) and the 
later observations on the fragility of isolated membranes 
indicated that homogenisation conditions could be crucial 
in obtaining p.m. in good yield, no detailed study was made.
3o?
There is clearly a need for investigation of different 
approaches to tissue disruption with a view to improving 
the yield of hepatoma p.m. (which, though low, is comparable 
to that obtained in many of the procedures described for 
normal liver).
The method is likely to be widely applicable to 
both normal and neoplastic tissues. The use of isotonic 
solutions, and avoidance of aggregation problems by flotation 
from the homogenate are major advantages of this technique. 
There is yet a further advantage, in that very large amounts 
of p.m. may be separated in zonal rotors from such 1 floated* 
fractions. When crude nuclear fractions are loaded onto 
the AXII zonal rotor (e.g. Hinton et al., 1970), material 
deriving from no more than about 20g of liver may be 
processed lest the gradient be overloaded (e.g. Hinton, 1970). 
Flotation from homogenates removes the bulk of the material 
normally present in such nuclear fractions, and much more 
material might be loaded without overloading of the gradient. 
This has since been confirmed by colleagues of the author 
(Issa, F., and Hinton, R.H., unpublished observations).
Using a BXIV zonal rotor for the flotation, up to 60g of 
liver may be processed at one time. Interestingly, it has 
also been observed that the concentration of tissue in the 
liver hpmogenate is critical for good purity (Issa, F. , 
personal communication). As noted in the present study, 
increasing the concentration of tissue in the homogenate
z
results in a p.m. preparation of lower purity and in lower
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overall yields than when dilute homogenates are used.
The limit to the separation is thus the amount of tissue 
which may be floated, rather than the amount of sample which 
may be loaded onto the gradient.
2. Purity of the p.m. preparation
The final, floated p.m. fraction was highly 
enriched in 5 ^nucleotidase activity. Indeed, the RSA of 
this enzyme is somewhat higher (at 20-fold) than one might 
expect from comparison with p.m. fractions isolated from 
unperfused liver (typically 15-fold enriched, e.g. Hinton 
et al., 1970). Norris (1973) found a similar difference 
between hepatoma and liver when p.m. vesicles were 
separated from microsomal fractions previously treated with 
lead ions and sonicated, but this may represent a difference 
in the organisation of the p.m. in the two tissues. Unlike 
liver p.m. vesicles, those from hepatoma did not appear to 
subfractionate in the gradient (Norris, 1973).
A probable explanation for the high purification 
of the p.m. is suggested by the lack of haemoglobin in the 
purified membrane preparation. Lysis of erythrocytes, 
by the hypotonic media used in the preparation of p.m. from 
unperfused liver, may be expected to result in the release 
of vast amounts of haemoglobin which would be adsorbed by 
the p.m. When homogenates were subjected to flotation, 
however, erythrocytes were removed without lysis, thus 
avoiding this problem and resulting in an increase in the
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purification of the membranes. The co-purification with 
5 f-nucleotidase of a number of other enzymes considered to 
be substantially or entirely localised in the p.m., viz. 
alkaline phosphodiesterase and several alkaline phosphatase 
activities (e.g. see Solyom and Trams, 1972; . D&Pierre 
and Karnovsky, 1973) argues against the possibility of 
subfractionation of the p.m. during isolation. However, 
tumours are rarely composed of a single cell type, and it 
is distinctly possible that the p.m. sheets derived froma 
a specific cell population, possibly on the basis of 
resistance of the p.m. to fragmentation. Histochemical
and cytochemical studies would be necessary to investigate 
this possibility.
The major source of contamination of the p.m. 
fraction was that of lysosomes, indicated by acid 
phosphatase activity. While Emmelot and Bos (1969a) 
considered that acid phosphatase was a normal component of 
liver p.m. which was elevated in hepatomas it is much more 
likely that these workers were measuring adsorbed enzyme 
released from lysosomes during homogenisation in hypotonic 
solutions. The observations made in the present study 
suggest that the acid phosphatase activity in the purified 
p.m. was largely lysosomal. Rapidly sedimenting material 
enriched in acid phosphatase has been observed in this 
laboratory during studies on hepatoma mitochondrial + 
lysosomal fractions (Burge, 1973) and nuclear i mitochondrial 
fractions (Hartman and Reid, 1969) and may represent
3fO
large !heterolysosomes1 (Mego, 1973a and b) or debris 
from necrotic cells.
However, a part of the acid phosphatase activity
of the p.m. preparations may be due to a p.m. enzyme, viz.
the alkaline ^ -glycerophosphatase. In view of the high 
activity of this enzyme in hepatoma, some of the 
jP-glycerophosphatase activity at pH 5.0 may be due to 
residual activity of the alkaline enzyme. Again, 
cytochemical studies would have been very useful in 
determining the source of this acid phosphatase activity 
(cf. El-Aaser et: al. , 1973).
It is difficult to assess the extent of
contamination by endoplasmic reticulum, for
glucose-6-phosphatase appeared to be an unreliable marker 
in the hepatomas now studied. As indicated by the effects 
of Na (+)tartrate, at least half of the activity in the 
p.m. fraction was due to an enzyme other than that present 
in liver microsomal fraction. It is possible that this 
tartrate-sensitive activity was due to the enzyme described 
by Kaulen et ad. (1970) as being located in the membranes 
of secondary lysosomes ('tritosomes') from liver, which 
was also inhibited by tartrate. Kaulen et a]L. (1970) 
observed that the specific activity of the enzyme in the 
membrane preparation was equal to that in microsomal 
fractions. Given the presence of lysosomes in the p.m. 
fraction now studied, it is reasonable to ascribe at least
3/1
part of the glucose-6-phosphatase activity of the p.m. to 
this enzyme described by Kaulen et al. (1970). Emmelot 
and Bos (1969a) suggested that the glucose-6-phosphatase 
activity of their p.m. fractions from either liver or 
hepatoma may have been due to a non-specific phosphatase, 
possibly an nacid inorganic pyrophosphatase". However, 
the present author regards this claim for a separate 
enzyme as unfounded, for two reasons : firstly,
glucose-6-phosphatase itself is a multifunctional enzyme, 
with high hydrolytic activity at acid pH against inorganic 
pyrophosphate (e.g. Nordlie, 1971); secondly, electron 
microscopy revealed the presence of rough endoplasmic 
reticulum in their hepatoma p.m. preparation (Emmelot and 
Benedetti, 1967). Their results may thus be explained 
by microsomal contamination rather than by the presence of 
some additional, non-specific enzyme in the p.m. itself.
Succinate dehydrogenase activity was very low in 
our purified p.m. preparation, indicating good removal of 
mitochondria during the flotation steps. Similarly, any 
released nuclear membranes would have pelleted during the 
flotations, for the isopycnic density of this structure is 
1.21 (Price et al., 1973). While Golgi fragments may 
have floated from the homogenate, since the isopycnic density 
of the Golgi apparatus is 1.12 (Fleischer and Fleischer, 
1970), they could not have sedimented into the p.m. zone 
during the zonal run for the same reason.
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It is difficult to compare the purity of the 
p.m. preparations now studied with those of Emmelot and 
his colleagues (Emmelot and Benedetti, 1967; Emmelot and 
Bos, 1969a) because of the total lack of homogenate data 
in the papers from this group. Hence, no information
may be deduced concerning the yield of p.m. or the relative 
specific activities of enzymes. For example, Emmelot and 
Bos (1969a) ascribed the lower 5*-nucleotidase activity in 
p.m. from hepatoma than from liver to "the observed decrease 
in 5 1-nucleotidase of primary-hepatoma homogenates 
(de Lamirande, 1964)". However, they gave no data to 
support this claim, which is not true for all hepatomas.
In the present study, homogenate 5 1-nucleotidase activity 
in hepatomas was but slightly lower than in perfused 
liver and was very similar to that observed in unperfused 
liver by colleagues (Hinton ejt al. , 1970). For rat 
hepatoma, Emmelot*s group used two different homogenisation 
media, viz. ImM NaHC0^-2mM CaCl and 2.8mM citric acid, 
to avoid problems of nuclear lysis in the isolation of p.m. 
(e.g. Emmelot and Benedetti, 1967). The citric acid
procedure, however, led to extensive inactivation of enzymes, 
and will not be considered further in this Discussion.
Recently, Raftell and Blomberg (1973a) used the 
same medium (ImM NaHC0^-2mM CaCl ) and isolation 
procedure as Emmelot *s group to isolate p.m. from a 
transplanted rat hepatoma line. Rat liver p.m. was
3/J
prepared by the method of Emmelot et. al. (1964). In 
addition to the p.m. preparations, Raftell and Blomberg 
(1973a) also fractionated microsomes from liver or hepatoma 
into one !rough1 and two 'smooth* membrane fractions. 
Specific activity data (but not recoveries) were provided 
for 5'-nucleotidase and nucleoside diphosphatase in the 
homogenates and the derived fractions, ; which allow of 
estimation of the purification (but not the yield) of p.m. 
While the p.m. fraction from liver was 15-fold enriched in 
5 1-nucleotidase activity over the homogenate, for hepatoma 
the value was only about 6-fold. A somewhat higher value, 
viz. 8-fold, was obtained for 5 *-nucleotidase enrichment 
in a smooth membrane subfraction of hepatoma microsomes 
than in the p.m. This suggests that the p.m. in the 
hepatomas they studied was very fragile and was extensively 
vesiculated during homogenisation. Some doubt must attach 
to all of their enzyme data, however, for enzyme assays 
were not performed until some three or four days after the 
start of the preparation. It is thus hardly surprising 
that, in hepatoma, glucose-6-phosphatase activity was 
"hardly measurable in any of the fractions studied", 
although some activity was apparently detected in liver 
fractions. Despite morphological evidence fhat some p.m. 
preparations contained "clearly visible mitochondria", 
they observed "no measurable activities" for succinate- 
cytochrome c reductase. Further, no alkaline 
phosphatase activity could be detected in any membrane
yt*
fraction from either tissue. Their conditions for the 
storage of the fractions must thus have led to extensive 
loss of enzymic activities, and hence the purity of their 
preparations is questionable.
In two accompanying papers (Blomberg and Raftell,
1973; Raftell and Blomberg, 1973B), these workers described 
1alterations1 in the enzyme antigen content of hepatoma 
p.m. as compared to liver p.m. However, many of these 
observations may be ascribed to the use of hypotonic 
solutions, with the concomitant problems of organelle 
disruption and redistribution of the contents (see Section F, 
Chapter I), for the isolation of the p.m. For example, 
hepatoma p.m. but not liver p.m. manifested several 
enzyme antigens which are normally considered as being 
lysosomal enzymes, e.g. acid phosphatase and 
N-acetyl-B-galactosidase (cf. Straus, 1967). Their 
observations may be explained either by contamination of the 
hepatoma p.m. by lysosomes or lysosomal membranes 
(cf. Lucy, 1969), or by preferential adsorbtion of 
released lysosomal enzymes on to hepatoma p.m. due to a 
different charge pattern of the membranes to that in liver 
p.m. (cf. Section E, Chapter I). Hepatoma lysosomal 
fractions were not investigated in this context, use 
being made only of antisera to 1tritosomes1 (i.e. secondary
lysosomes obtained from animals injected with Triton WR1339) 
from normal liver. These tritosomes, however, are a 
select population of lysosomes whose membrane probably
derives partly from the p.m. (e.g. Burge and Hinton, 1971; 
Thines-Sempoux, 1973 ) and are thus of doubtful use in 
investigations of the origins of enzymes in p.m. from 
hepatomas.
In view of the general lack of adequate enzyme 
data in any of the publications from Emmelot1s group 
(e.g. Emmelot and Benedetti, 1967) or the Swedish group 
(e.g. Raftell and Blomberg, 1973a) one must conclude that 
the methods developed by Emmelot*s group give p.m. 
preparations of doubtful purity from rat hepatomas. As far 
as may be judged, the p.m. preparations of Raftell and 
Blomberg (1973a) are considerably less pure than those 
now reported.
Davydova (1968) applied the procedure of 
Takeuchi and Terayama (1965) to the isolation of p.m. from 
the solid and ascitic forms of a hepatoma line. As the 
original procedure was described for perfused liver, its 
applicability to solid hepatomas is doubtful, given the 
presence of intact erythrocytes in hepatoma homogenates.
No marker enzyme data were reported for the hepatoma 
p.m. fractions, which contained quantities of vesicular 
material. The origins of the membranes in Davydova*s 
preparation is thus obscure.
3. Properties of the purified p.m. preparation
The p.m. preparations obtained from hepatoma in
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the present study banded at a density of about 1.15, which 
is considerably lower than that observed for liver p.m. 
(Hinton et aL, 1970). It is not likely that the low 
density of hepatoma p.m. was due to trapped lipid droplets, 
since these would have been released by the rehomogenisation 
step. The result now obtained agrees with the observations 
of Emmelot and Benedetti (1967) who ascribed the phenomenom 
to a possible increase, in hepatoma p.m. as compared to 
liver p.m., of the amount of a polar lipid fraction lacking 
phosphorous and soluble in chloroform-methanol.
The specific activities of several alkaline 
phosphatases were found to be much higher in hepatoma 
homogenates than in liver, and this rise appeared to be 
due almost entirely to an increase in the p.m. activities. 
Notably, alkaline JB-glycerophosphatase activity, which in 
liver is barely detectable in p.m. and undetectable in 
homogenates (e.g. Hinton, 1970), was almost as high as 
5*-nucleotidase in these hepatomas. The activities of
24-
alkaline (p-nitrophenyl)phosphatases, both Mg -dependent 
and EDTA-resistant, were much higher in hepatoma than 
have been observed in liver homogenates and p.m. fractions 
by colleagues (Hinton, 1970; Norris, 1973).
Emmelot1s group (Emmelot and Benedetti, 1967} 
Emmelot and Bos, 1969a, b) have reported specific activity 
data for a number of enzymes in p.m. fractions from rat
and mouse hepatomas. While marked differences in some 
specific activities were noted as compared to the 
appropriate liver p.m., there was no enzymic change common 
to all of the hepatoma membranes of the two species. For 
example, alkaline (p-nitrophenyl)phosphatase activity was 
much higher in rat hepatoma p.m. than in liver p.m., 
similar to the observations now reported. In mouse 
hepatoma p.m., however, Emmelot1s group observed values 
ranging from much higher than mouse liver in one hepatoma 
line to slightly lower than liver in another line (Emmelot 
and Bos, 1969b). The relationship of such alterations in 
enzymic activity to the neoplastic process is thus obscure.
C . Ribonuclease and phosphodiesterase activities in 
hepatoma p.m. fragments
As considered in Chapter III (Section D ) the 
specific activity of PDase and of RNase (assayed at pH 8.7
2-r
in the presence of Mg ) in the hepatoma p.m. preparations 
was very similar to that in liver p.m. when allowance was 
made for the different purification (i.e. enrichment in 
5 1-nucleotidase activity over that in the homogenate) of 
the two preparations. Two assumptions were made in making 
this allowance, i.e.
(i) that 5 T-nucleotidase is a perfect marker for the p.m. 
in both tissues ;
(ii) that the lower purification of p.m. from hepatoma than 
from liver was not due to the presence of some contaminant(s 
which contributed to the PDase or RNase activities of the 
p.m. preparation.
These assumptions will now be discussed with particular
SI*
reference to the PDase activity of the two preparations.
(i) The use of 5 ’-nucleotidase as a marker for p.m.
has been discussed earlier in this Chapter (Section A.l) 
in the context of subfractfonction of liver p.m. In. the 
case of hepatoma p.m., however, two additional points merit 
consideration. Firstly, 5*-nucleotidase activity has 
been observed in connective tissue in hepatomas in our 
laboratory during histochemical studies (e.g. El-Aaser 
et al., 1973). If substantial quantities of connective 
tissue had passed through the filter during preparation of 
the homogenate (Chapter II, Section E.2) and so contributed 
appreciably to the 5 1-nucleotidase activity of the 
filtered homogenate, then the purification of the p.m., 
which is calculated from the 5 1-nucleotidase activity, 
would have been underestimated. However, the slightly 
higher enrichment in the p.m. observed for 5*-nucleotidase 
than for several alkaline phosphatases which have been 
considered as markers for p.m. in liver (e.g. Solyom and 
Trams, 1972) argues against this possibility.
The second point concerns the possibility of 
selective loss of elements of the p.m. enriched in e.g. 
PDase activity. The data for hepatoma indicate that 
while some loss of PDase occurs during isolation of the 
p.m., the loss is much less than in the case of liver.
If the contribution of the p.m. to the PDase activity of 
the hepatoma homogenate is calculated as described for
liver (see Section A.l of this Chapter), then the p.m. 
contributes 86% of the total PDase activity, based on 
results for the zonal membrane fraction. For the purified 
p.m. fraction, the value is 79%. For liver, the values 
were 95% for zonal membranes and 65% for purified membranes. 
Clearly, in the case of hepatoma relatively much less of 
the PDase activity is lost on rehomogenisation and flotation 
of the zonal p.m. than for liver, although some loss 
appears to have occurred earlier in the procedure. This 
may be explained by assuming that the enzymes in hepatoma 
p.m. are distributed more evenly over the surface of the 
cell than in liver, as suggested by Novikoff and Biempica(1966) 
and Emmelot and Benedetti (1967). If this were so, one 
would expect that the different enzyme activities in 
hepatoma p.m. would be less readily separable by 
subfractionation of the p.m. than in liver. This 
hypothesis has support from experimental data: the separation 
of p.m. enzymes observed during fractionation of liver 
microsomes in a BXIV zonal rotor (Norris, 1973; Norris 
et al., 1974) was not seen in parallel experiments on 
hepatoma (Norris, 1973). On the basis of the arguments 
in this and the previous paragraph, then it is reasonable 
to assume that 5 1-nucleotidase is at least as good a 
marker for p.m. in hepatoma as in liver.
(ii) The second assumption was that the lower
purification of p.m. from hepatoma than from liver was due 
to the presence of contaminants which did not contribute
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to the RNase or PDase activities of the p.m. However, 
this assumption cannot be completely justified, for two 
reasons, namely :
(i) It is probable that, hepatoma p.m. contained appreciable 
quantities of adsorbed serum proteins which possibly 
included both an RNase and a PDase.
(ii) The hepatoma p.m. preparations probably contained 
contaminating lysosomes and/or lysosomal membranes which 
also may have contributed to the RNase and PDase activities 
of the preparations.
These possibilities will now be discussed in
turn.
(i) That the hepatoma p.m. contained appreciable
quantities of adsorbed serum proteins is very probable 
since such adsorbed proteins are detectable even in p.m. 
from perfused liver (see Section A.2,b of this Chapter).
As rat serum exhibits both RNase activity (Umeda et al.,
1969) and PDase activity (Hinton, R.H., personal communication), 
then adsorbed serum enzymes could have contributed to the 
RNase and PDase activities of hepatoma p.m. The 
possibility that serum RNase was adsorbed to liver p.m. 
has been discussed previously (Section A.2,b). Here, it 
may be stated that the low specific activity of this enzyme 
in serum indicates that this enzyme could not be 
responsible for more than a small fraction of the total 
RNase activity at pH 8.7 in the presence of Mg of the
hepatoma p.m., although the possibility of some selective 
absorbtion of the serum RNase onto hepatoma p.m. cannot 
be excluded.
The possible contribution of the serum PDase to 
the hepatoma p.m. activity is more difficult to assess. 
However, it is relevant to note that Emmelot and Benedetti 
(1967) mentioned that only 5% of the total alkaline PDase 
activity of p.m. fractions from unperfused liver could be 
removed by saline washing. This suggests either that 
serum PDase does not bind appreciably to liver p.m., or 
that it is bound extremely tightly. Whichever the case, 
therefore, one would expect that the amount of adsorbed 
serum PDase in hepatoma p.m. would not be markedly 
different to that in liver p.m., unless some dramatic 
change had occurred in the ability of the hepatoma p.m. as 
compared to liver p.m. to bind the serum enzyme. Thus 
it is unlikely that a major alteration in the specific 
activity of alkaline PDase in hepatoma p.m. as compared 
to .liver would have been 1 masked! by an alteration in the 
amount of any adsorbed serum PDase.
(ii) The major intracellular source of contamination
of the hepatoma p.m. appeared to be lysosomes. While 
lysosomal fractions from liver have been shown to exhibit 
PDase activity at alkaline pH values (Thines-Sempoux,
1973; cf. Burge, 1973), this cannot represent more than 
about 5% of the total activity of the cell even if it is
?£2
assumed that contamination of the lysosomal fractions 
by p.m. was negligible. Thus, the PDase activity of the 
p.m. fractions may be ascribed to the p.m. itself with 
reasonable certainty. However, this activity may: have
been substantially overestimated, because of the nature of 
the substrate. When a molecule of bis(p-nitrophenyl)phosphate 
is hydrolysed by PDase, the products are one molecule of 
p-nitrophenol and one of p-nitrophenyl phosphate. The 
latter molecule is, of course, a substrate for alkaline 
phosphatase. This latter enzyme was extremely active in 
the hepatoma p.m. preparations, and may thus have 
contributed to the observed activity of 1PDase1. Such a 
contribution might be substantially less in liver p.m. 
where the alkaline phosphatase activity much lower than in 
hepatoma and was not necessarily due to an enzyme(s ) with 
the same kinetics. Viewed in retrospect, this source 
of uncertainty in the results should have been investigated, 
most easily by addition of a large excess of purified 
alkaline phosphatase to the PDase assays of liver and 
hepatoma p.m. preparations. The true PDase activity in 
each assay would then be obtained simply by halving the 
resultant measurement.
As in the case for liver, interpretation of the 
results for RNase activity in hepatoma p.m. is more complex 
than for PDase, due to the presence of some RNase activity 
in all subcellular fractions (cf. Chapter I, section C ).
Hence, the presence of relatively small amounts of 
contaminating organelles in the p.m. fraction could markedly
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affect the results. If, as in Chapter III (section D ),
allowance is made for the difference in purification
between the p.m. preparations from hepatoma and liver,
there is little difference in the activity of RNase assayed
2+at pH 8.7 in the presence of Mg . However, this result 
cannot be considered in isolation from the data obtained 
for RNase under different assay conditions. At either 
pH value, there was relatively twice as much RNase activity 
in the presence of EDTA shown by hepatoma p.m. preparations 
than by liver p.m. Thus, at pH 8.7 the RNase activity of 
hepatoma p.m. was 7.3 times greater in the presence of
2-r
Mg than of EDTA, whereas for liver the value was 14.4.
At pH 7.8, the corresponding values were 4.1 and 8.2.
It is also useful to compare the effects of 
changes in the pH of the assay medium on the RNase activity 
of the different p.m. preparations. In contrast to the
2-h
alterations in the response of the preparations to Mg 
or EDTA, the RNase activity of the two preparations 
responded very similarly to changes in pH. In the
2^ ~p
presence of Mg , both liver and hepatoma p.m. were 1.23 
times more active at pH 8.7 than at pH 7.8. In the 
presence of EDTA, the corresponding value was 0.7 for both 
preparations.
There are two explanations which could account
for these observations: (i) that the p.m. contains two
2+
RNases, one dependent on Mg and optimally active at
32A-
pH 8.7. the other resistant to EDTA and optimally active 
at pH 7.8, the latter enzyme being elevated in hepatoma.
(ii) Alternatively, the p.m. contains only one RNase, 
which is not markedly altered in hepatoma, and that the 
RNase activity in the presence of EDTA is due to contaminants 
in the preparations. The higher RNase activity in the 
presence of EDTA of hepatoma p.m. preparations would thus 
be due to greater cytoplasmic contamination than in liver 
p.m.
The possibility that the p.m. contains more than 
one RNase has been considered at length in the first half 
of this Discussion for the case of liver. To reiterate 
briefly, the author considers that there is no conclusive 
evidence that the EDTA-resistant RNase activity of liver 
p.m. is due to some intrinsic p.m. enzyme, the evidence 
suggesting on the contrary that this activity is due to 
cytoplasmic contamination.
While it is possible that hepatoma p.m. does 
contain an EDTA-resistant RNase, it is much easier to 
explain the results by postulating that (ii) above is 
the case. There is strong circumstantial evidence that 
lysosomal contamination could account for the high 
BDTA-resisfaht RNase in hepatoma p.m. preparations, as 
considered below.
Only indirect observations were made on lysosomes
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in hepatomas. Firstly, there is evidence for lysosomal 
alterations in the hepatomasas compared to liver. Acid 
phosphatase activity was markedly higher than in normal 
liver (cf. data in Table III.13 with that in Hinton et al.,
1970). Also apparently elevated were the tartrate-sensitive 
5 1-nucleotidase activity, which caused greater problems 
in the early studies on hepatoma p.m. that in experiments 
by colleagues on normal liver (cf. Burge and Hinton, 1971), 
and the tartrate-sensitive glucose-6-phosphatase activity 
which accounted for about half of the total
glucose-6-phosphatase activity of the hepatoma. In liver, 
these latter two enzymes are believed to be located in 
lysosomal membranes and to be distinct from acid 
phosphatase (Kaulen et al., 1970; Thines-Sempoux, 1973).
While the location of these enzymes has not been 
established conclusively, it is interesting that the 
distribution in a zonal gradient of the tartrate-sensitive 
glucose-6-phosphatase activity resembled that of acid 
phosphatase much more than that of 5*-nucleotidase 
(see Fig.III.21). Given that evidence was also found for 
the presence in the hepatoma p.m. of partial latency of 
acid phosphatase, one may speculate that in hepatoma 
there was a proportion of lysosomes which were larger and 
lighter than those of liver, and which thus contaminated 
the hepatoma p.m. to a marked extent.
Secondly, there is strong evidence for the 
presence of substantial alkaline RNase activity in 
lysosomes (see Chapter I, section C.6). Burge (1973)
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observed that the alkaline RNase activity of liver lysosomes 
was slightly higher in the presence of 2.5mM EDTA than of 
2.5mM MgCl , and that it displayed a broad optimum at about 
pH 8.0. If such an RNase were also present in hepatoma 
lysosomes, then this might account at least partly for the 
high EDTA-resistant RNase specific activity of hepatoma 
p.m. preparations. Investigation of this possibility 
would require detailed studies on the nature of lysosomes 
in hepatoma, and strict assessment of the alkaline RNase 
activity associated with them.
There are few reports in the literature on RNase
activity in hepatoma p.m. preparations. Emmelot and Bos
(1969b) compared the RNase and PDase activities of mouse
hepatoma p.m. with mouse liver p.m. RNase activity was
assayed at three pH values, viz. 8.9, 7.6 and 5.0. The
specific activity of RNase assayed at pH 8.9 in the p.m.
from three hepatomas was about 50% lower than that of
liver p.m., while the activity at pH 7.6 was markedly less
different. At pH 5.0, RNase activity in hepatomas was
slightly higher than in liver. However, the effects of 
2+Mg or EDTA on the activities, or even the validity of 
the assay procedures, were not determined. In contrast 
to the result for the RNase activity at pH 8.6, alkaline 
PDase activity in hepatoma p.m. was little different to 
liver. Emmelot and Bos (1969b) suggested that their data 
indicated that different enzymes were responsible for the 
RNase and PDase activities. However, it is quite possible
in view of the different response of the RNa.se and PDase 
activities of p.m. to changes in the concentration of 
i-ig observed in the present study, that the observations 
of Emmelot and Bos (1969b) reflected a decrease in the 
ability of hepatoma p.m. to retain divalent ions durino 
isolation as compared to liver. As the PDase is less 
sensitive to reductions in the concentration of Mg2* than 
is the RNase (cf. Chapter III, section B.l) then the 
results of Emmelot ano Bos (1969b) may be an artefact 
caused by poor assay conditions.
Finally, Crooke et al. (1972) described a 
"3'-exonuclease" (in the present author's nomenclature, a 
5 —exonuclease), which released 5'—mononucleotides from 
ribo- or deoxyribooligonucleotides, and was apparently 
located on the surface of Novikoff hepatoma ascites cells. 
Little evidence for endonuclease activity was found. 
Regrettably , no comparison to normal liver was made, nor 
were p.m. fractions obtained. However, the apparent 
location of the enzyme on the exterior of the p.m. is 
interesting ana suggests that the enzyme may be useful in 
protecting cells from exogenous nucleic acids such as 
those of viruses.
To summarize, there is no consistent evidence that 
the alkaline RNase and PDase activities of the p.m. are 
markedly affected during neoplasia. However, the p.m.
ZI&
eventually obtained from hepatcmas cannot yet be considered as pure as 
those frcm liver, and further work is needed to establish the nature 
of the contaminants and their contribution, if any, to the enzyme 
activities of tumour p.m. before a definite conclusion may be reached.
As emphasized earlier (pp 24, 66, inter alia), the author believes 
that the approach used here, viz. the study of enzyme activities in well- 
characterised subcellular fractions, is essential if neoplasia is to be 
understood. This study should be facilitated by the increasing availability 
of sophisticated cell-fractionation techniques, provided that these are 
judiciously applied. Certainly the author hopes that the studies now 
reported will prove a useful basis for further work on the p.m. of 
hepatcmas.
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Appendix
Gradients used in this study
All these gradients were prepared using the apparatus 
described by Birnie and Harvey (1968).
Gradient A2 (Hinton et al., 1970) 
The mixing vessel initially 
contained
To this were added 
sequentially (i)
(ii)
Cushion (by-passing 
mixing vessel)
Gradient HSII
The mixing vessel initially 
contained
To this were added 
sequentially (i)
(ii)
Cushion (by-passing 
mixing vessel)
Gradient HSIII
The mixing vessel initially
contained
To this was added
The mixing volume was than
reduced to
by décantation (with the pump 
switched off)
To this was added
Cushion (by-passing mixing
vessel)
Volume Sucrose density,5 
ml concen.
moles/1 g/ml
o
250 0
600 1.25
500 1.66
to fill 2.00
rotor
150 0.35
to fill 2.00 
rotor
150
300
75 ' 
200
0.35
0.95
1.31
to fill 2.00 
rotor
1.039
1.164
1.215
1.265
1.045
300 1.065 1.140
230 1.854 1.240
1.265
1.045
1.124
1.170
1.265
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During the Workshop Courses on zonal centrifugation which the Wolfson 
Bioanalytical Centre has run annually since 1969, it has become 
apparent that, having mastered the 'mechanical' problems of zonal rotor 
operation, people often experience difficulty in achieving effective 
separations because of a failure to appreciate how much the effectiveness 
of separation depends on the shape of the density gradient. This is 
particularly so when previous experience has been limited to 'classical' 
differential centrifugation ('differential pelleting' ) . The aim of this 
article is to outline, without detailed mathematical treatments, the 
basic functions and properties of density gradients and to show how a 
consideration of these, together with a consideration of the properties 
of subcellular particles, can indicate practical approaches to separa­
tions of particles in batch-type rotors. Some of the guidelines pre­
sented have general applicability to gradient centrifugation, and others 
apply particularly to zonal rotors. The article serves as a foundation 
for Articles 2 (Birnie) and 3 (Meuwissen), which likewise deal with 
separation phenomena but are less concerned with organelle separations as 
encountered later in the book. The article can, moreover, be regarded 
as reinforcing Article P-5 in Vol. 1 of the series (G.B. Cline & J.M. 
Leach) and Article 18 in Vol. 2 (G.B. Cline). (As a guide to further 
reading, some of the more important papers and reviews in the reference 
list are indicated by an asterisk *.)
The physical basis of centrifugal separations first has to be considered.
The sedimentation rate ('terminal' or maximum velocity) v of a 
spherical particle in a centrifugal field is given by:
v = 2R2 (p .V )  . ü,2r
9n -i
where v = sedimentation rate (cm. sec )
R = particle radius (cm) _3
P = particle density (g.cm ) _3
p 1 = density of the suspending medium (g.cm )  
n = viscosity of the suspending medium (poises)
w = the angular velocity of the rotor
r = the (radial) distance of the particle from the axis
of rotation (cm).
2 T.D. Prospero
For particles which are not spherical, it is necessary to introduce 
an asymmetry factor (l) to correct for the effect of shape on sedimenta­
tion rate; this will not be further discussed, but it should be remembered 
that where 'size’ is mentioned, the influence of particle shape is also 
implied. This equation may be rearranged to give a new factor, 
s e d i m e n t a t i o n  c o e f f i c i e n t ,  S, i.e.
_ 2R2 (p-p1) = V
9n
(These coefficients are normally given in Svedberg units, obtained by 
multiplying s by 1013 and, because s is dependent on the medium, are re­
ferred. to water at 20° (S2o ,w) • )
Two fundamental points follow from these equations. The first 
is that particles of identical R2 ( p - p 1) will have the same sedimenta­
tion coefficient, i.e. will sediment at the same rate, even if quite 
different in size. The second point is that when the density of the 
medium, p 1 , is equal to that of the particle, p, i.e. (p-p1) = 0, the 
particles will be stationary. Separations can then be made on the basis 
of differences in sedimentation rate ('rate-zonal centrifugation'), in 
which case the position of the particles will depend on the time of cent­
rifugation, or purely on the basis of differences in density ('iso- 
pycnic-zonal centrifugation'), in which case, after the initial movement 
of the particles, the separation attained will be independent of the 
time of centrifugation. Fig. 1 shows the approximate distribution of
subcellular particles in terms of sedimentation coefficient and banding 
fbuoyant; equilibrium) density (an'S-p' diagram; after Anderson et a l .
(2)). It can be seen that the sedimentation coefficients of the subcellu­
lar particles differ much more than their densities. Accordingly, for 
some particle separations the rate-zonal approach may on theoretical 
grounds be more effective.
RATE-ZONAL CENTRIFUGATION
Initial considerations
The fractions obtained by 'classical' differential centrifugation, entail­
ing pelleting, can be seen to be 'separated' by intervals of about one 
order of magnitude in terms of m e a n  sedimentation coefficient (Fig. 1).
A full account of the theory of differential centrifugation (and of 
gradient centrifugation in tubes) has been given by de Duve e t  a l .  (l).
Here it will only be pointed out that the degree of overlap of the sedi­
mentation coefficients of the various subcellular particles is such 
that the discrete fractions obtained in the classical scheme are, 
inevitably, impure and, especially with the lysosomal fraction, rather 
arbitrarily delimited. Zonal centrifugation can yield considerably 
better resolution. A distinction may be made between two approaches : 
the a n a l y t i c a l  ('scanning') approach, where the aim is to resolve each 
of the components of a mixture as well as possible from all others so
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Fig. 1. Approximate distribution of subcellular particles (mainly 
liver) in terms of apparent sedimentation coefficient and buoyant 
density (after Anderson et al. (2)). Note that different values 
may result from use of different gradient materials, etc. (see text).
that distribution studies, e.g. of RNA or an enzyme, may be made; and 
the p r e p a r a t i v e  approach, where the aim is to obtain a particular sub­
cellular particle in as pure a form as possible for the purposes of 
further study. Gradients may be designed to achieve either of these 
aims, or even both. First, it is necessary to consider the role of 
the gradient.
Functions of the gradient
On consideration of equation (2) above, it is apparent that, in order 
to obtain maximal separation (i.e. resolution) of different particles 
on the basis of sedimentation rate, the ’density function’, (p-p1), 
should be kept as large as possible throughout the gradient, i.e. the 
gradient should start at as low a density as possible, and increase as 
slowly as possible. This might seem to suggest that the gradient is 
in fact unnecessary, and that a sample layered over a homogeneous 
medium could be separated into discrete zones (or ’bands’) of particles, 
according to their sedimentation rates in that medium. This, however, 
does not occur. The important factor is that for particles to sediment 
through a given medium, the density of the particles must be greater 
than that of the medium. By displacement of medium, they will increase
(
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the bulk density of the region they occupy. The basic requirement for 
a stable zone, as discussed by Svensson e t  a l .  (3) (see also Article 
3 in this book, by Meuwissen) is that at no point within a zone must the 
density of that zone exceed the density of the medium at any point 
further removed along the radius in the direction of sedimentation. This 
requirement can only be met in the presence of a suitable density 
gradient, failing which that region, namely medium and particles to­
gether, will move as a whole ('tumbling','density inversion' or 'con­
vective disturbance'). The primary function of the density gradient is 
thus that of s u p p o r t .
Gradient capacity
The gradient (or 'zone') capacity refers to the amount of material the 
gradient can support as a stable zone. Whilst instability will obviously 
result if the concentration of material in the sample loaded is too high, 
it may also occur during centrifugation of a zone which was initially 
stable. This is comprehensible if one considers the changes in the en­
vironment of the particles as they sediment. The particles sedimenting 
in the leading edge of a zone encounter an increased centrifugal field, 
which will tend to accelerate them, and also increasing viscosity and 
density, which will tend to slow them. Depending on the exact shape of 
the gradient, the zone may narrow or broaden, thus leading to changes 
in concentration. A further factor in zonal rotors is that because of 
the radial sector of the rotor, unlike tubes, zones will tend to become 
more dilute as they sediment. How these factors combine to produce con­
centration (by narrowing the zone) or dilution, will depend on the exact 
shape of the gradient.
Detailed mathematical analyses of gradient capacity have been 
presented by various workers, notably Berman (4) and, in a comprehensive 
review of gradient centrifugation (mainly in tubes), by Schumaker (5). 
Further work has been reported by, i n t e r  a l i a ,  Spragg and Rankin (6) and 
Spragg \7). Only some general observations are now made. As indicated 
above, shallow gradients offer good resolution, but have low capacity. 
Steep gradients, on the other hand, offer high capacity, but poorer 
resolution. Convex gradients are commonly employed in rate-zonal separa­
tions, i.e. gradients which progressively become less steep with radius. 
The steepest region, under the sample, provides high capacity where the 
particles are most heavily massed, thereafter flattening out so that the 
separating zones may be better resolved. However, if this initial region 
is too steep, the resultant narrowing of the zone may concentrate the 
particles in that zone to such an extent that the zone will exceed the 
capacity of the gradient in the shallower regions it will encounter later, 
rendering an initially stable zone unstable. This may also occur with 
gradient shapes other than convex.
Discontinuities in the gradient are best avoided in rate-zonal 
work; apart from the narrowing of zones which will result from the sharp
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increase in density, that due to the viscosity step may well lead to 
instability. Fig. 2 illustrates the non-linear relationship between 
viscosity and density for sucrose and Ficoll*solutions. A relatively 
small increment in density may evidently entail a marked increase in 
viscosity, causing excessive zone narrowing. Attention may be drawn 
here to two points in the context of the viscosity of more common 
gradient materials. One is that separations of particles will require
prolonged centrifugation if dense solutions are employed, particularly
if isopycnic separations of dense particles are required. The second
is that, as sucrose viscosity, in contrast with density, is markedly
dependent on temperature, and as the change of viscosity with tempera­
ture is relatively much greater, as the concentration increases, accurate 
temperature control is vital if reproducible rate-zonal separations 
separations are to be obtained. There is otherwise little point in de­
signing a highly complex gradient aimed, for example, at measurement of 
sedimentation coefficients, particularly where small particles such as 
ribosomal subunits or proteins are to be separated.
Gradient stability
If the gradient is to fulfil its intended purpose it must not alter 
appreciably during centrifugation. Diffusion will tend to ’flatten out' 
steep gradients, whilst deliberate discontinuities will/tend to dis­
appear. Designs of gradients should therefore take into account changes 
which may occur during centrifugation, in order that such alterations 
may be minimized. It is worth noting that gradient stability is related 
to the shape of the rotor. The HS rotor (volume 695 ml, radius 10.3 cm) 
is considerably superior to the B-XIV rotor (volume 640 ml, radius 6.7 cm) 
in its ability to maintain the shape of a complex gradient. It is 
diffusion d i s t a n c e ,  i.e. variation in solute concentration with radius, 
which is the important factor.
Sample
In rate-zonal separations, initial zone width,which of course reflects 
the sample volume, is of great importance. In general, it should be kept 
as small as possible, whilst fulfilling stability requirements. Commonly, 
the sample is simply layered over the gradient in the form, of a 'block* 
('block* or 'shelf layering). This, however, may lead to loss of re­
solution. In such a system, solute will diffuse from the more concentra­
ted gradient into the sample, thus increasing the density of the boundary 
region. As thè particles in the sample, being much larger than the solute 
molecules, diffuse more slowly, local instability may result, which leads 
to bulk movements of localized regions of the sample ('droplet sedimenta­
tion' , 'streaming'). These effects may be minimized by loading the sample 
as an 'inverted wedge' i n  the gradient so that as the concentration of 
solute increases, the sample concentration decreases, as described by 
Britten and Roberts (9). Further considerations have been reported by, 
i n t e r  a l i a ,  Meuwissen (10, and Art. 3 in this book). Obviously, any
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Fig. 2. Relationship 
between viscosity and 
density for sucrose
solutions at 5°(--- )
and Ficoll solutions at
4° (- - - ) (Based on
data compiled from 
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M. Dobrota (7).)
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problems of aggregation or lability of the sample must be overcome 
before separation may be made.
Many factors affect the resolution of particles in density 
gradients. For a review of these factors, the reader is referred to the 
review by Birnie which follows (Art. 2).
ISOPYCNIC-ZONAL CENTRIFUGATION
This technique has been used less than rate-zonal centrifugation, as 
mentioned earlier. It has, however, proved extremely useful for some 
separations such as the isolation of DNA (ill and viruses (12) and the sub­
fractionation of microsomes (13, 14) . As will be discussed later, iso­
pycnic-zonal centrifugation is very often used as a follow-up purifica­
tion step following separations made on a rate basis.
Separation by this method is based solely on differences in 
banding density. The material to be fractionated is subjected to pro­
longed centrifugation, in a density gradient of suitable range, until 
the particles have effectively ceased moving. Resolution here is de­
pendent on the width of the zones obtained. For idéal particles, 
absolutely homogeneous in density, it can be shown that the sharpness of 
the zones is limited by diffusion; the particles will exhibit a Gaussian 
concentration distribution. Baldwin (15) has derived equations describing 
this distribution. The most important factors are-
(1) Band-width is inversely proportional to the square root of the 
apparent molecular weight of the particles.
(2) Band-width is inversely proportional to the speed of the rotor.
(3) Band-width is inversely proportional to the square root of the slope of 
the gradient.
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(4) In practice, however, the limiting factor is usually the inherent 
spread of the density of subcellular particles.
In terms of real separations, these factors have implications as follows.—
(a) Small particles, such as proteins, cannot be separated by this technique.
(b) Isopycnic separations should normally be carried out in the fastest 
available rotor; however, recent work (16) has shown that mitochondria, at 
least, are susceptible to damage by the high hydrostatic pressures generated. 
Where such effects are indicated, use of lower speeds will be necesary.
(c) For i d e a l  particles, maximum resolution would be obtained by use of a 
discontinuous gradient, designed to band particles on the interface between 
a solution of slightly lower density than that of the particles and one of 
slightly higher density. This is the procedure frequently employed for 
separations in conventional rotors. Discontinuous gradients, however, are 
normally not suitable for use in zonal rotors, particularly high-speed 
rotors (see Gradient stability, above). More important, the narrow banding 
obtained using discontinuous gradients may be disadvantageous. Because of 
the inherent spread in the densities of subcellular organelles, great care 
must be taken when choosing densities for discontinuous gradients if good 
resolution is to be attained. A continuous gradient, if correctly designed, 
will give at least as good a separation, and may also give considerably 
more information, e.g. on the heterogeneity of a subcellular organelle.
Common gradient shapes for isopycnic separations
In practice, shallow gradients linear with volume are often used. When two 
or more components have rather similar densities, better resolution may be 
obtained by the use of a 'sigmoid' gradient. The central region of the 
gradient is shallower than the rest; the aim is to band the components 
at or near the inflection points of the curve, so that some distance (i.e. 
volume) separates them. This is the practical equivalent of the discontinu­
ous gradient. (See Hinton e t  a l . (13) for an example of the use of a sigmoid 
gradient to subfractionate microsomes.) It is apparent, from consideration 
of the above list of factors affecting resolution, that small variations 
or irregularities in the gradient will not greatly affect isopycnic as 
distinct from rate-zonal separations.
There is, however, the possibility of interpretational errors 
peculiar to isopycnic separations. The distribution of material in gradi­
ents is routinely depicted using gradient volume as a baseline, analytical 
results being expressed as the activity or amount of each component per 
fraction. This, coupled with the inherent spread of particle density men­
tioned above, may lead to the risk of misinterpretation, as encountered 
in a study of liver microsomes by Hinton e t  a l .  (13) and now illustrated.
In Fig. 3A, a gradient has been employed which is linear with volume in the 
region of interest (density 1.10 to 1.20). Plasma membrane vesicles, as
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Fig. 3. A separation with alter­
native gr a d i e n t s , one of which 
gave a misleading impression of 
enzyme distribution.
A & B show the distributions, on 
a volume basis as often used, 
for two enzymic components of a 
liver microsomal fraction (as 
activity per 40 ml fraction, in 
arbitrary units) in different 
gradients ( s e e  t e x t ) .
Density, g/ml at 5 ° , - - - - - - - ;
S ’-nucleotidase, o o;
glucose-6-phosphatase >0- - - - - - o.
C is derived from the data of B and shows the density distribution of
fragments containing 5 '-nucleotidase (- -- ) or gl ucose-6-phosphatase (- - - )
in the density region 1.10-1.23, Each activity value in each fraction was 
divided by the density increment across that fraction (with a simple 
smoothing procedure to minimize any analytical 'wobble1 for low activities). 
The arrows indicate the positions of the two main peaks seen in B.
E a c h  g r a d i e n t  c o n t a i n e d  5  m M  M g 2 + , p H  7 . 4 ;  c e n t r i f u g a t i o n  w a s  f o r  3  h  a t  
4 0 r 0 0 0  r e v / m i n  i n  a  B e c k m a n - S p i n c o  B - I V  r o t o r .  N o t e  t h a t  t h e  i n i t i a l  
5 ' - n u c l e o t i d a s e  p e a k  s e e n  i n  t h e  s o l u b l e  r e g i o n  i n  A a n d  B h a s  b e e n  
d i s r e g a r d e d  f o r  t h e  p u r p o s e  o f  t h e  p r e s e n t  a r g u m e n t .
The results are from unpublished experiments by J.T.R. Fitzsimons & R.H. Hinton.
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judged by 5'-nucleotidase activity that has sedimented into the gradient, 
exhibit a diffuse, unimodal spread of density around a median value (>1.16) 
somewhat lower than that of endoplasmic reticulum fragments. The latter, 
as judged by glucose-6-phosphatase activity, likewise have a diffuse, uni­
modal distribution with a median density of about 1.19-1.20. In Fig. 3B 
an identical separation has been made, except that a sigmoid gradient 
has been used. Here, the distribution of the material beyond the soluble 
region appears to be bimodal, which at first sight might seem to imply that 
there is a significant although low level of glucose-6-phosphatase activity 
in plasma membrane fragments, and of 5'-nucleotidase activity in endoplas­
mic reticulum fragments. This distribution, however, is an artefact caused 
by the introduction of a flat central region into the gradient. The par­
ticles banding in this density range now occupy a much greater volume, and 
the activities are thus spread over a greater number of fractions. This 
dilution alone is responsible for the apparent resolution of the particu­
late activity of each component into two distinct peaks. If the distribu­
tion of each activity is calculated with reference to density (Fig. 3C), 
the apparent sharp peaks found with the sigmoid gradient in Fig. 3B are in 
fact shown to be artefacts. The actual distribution is more diffuse, as 
shown by the similarity of these calculated curves (Fig. 3C) to the experi­
mental distribution obtained with the linear gradient (Fig. 3A). (It is 
noteworthy that the shoulder of 5'-nucleotidase seen at density 1.20 in 
Fig. 3C was reproducible in different experiments ; it may be due to small 
amounts of 5'-nucleotidase in rough endoplasmic reticulum (see Discussion 
in Article 9).) In isopycnic distribution studies, therefore, except where 
the gradients used are absolutely linear with volume, valid conclusions 
may hinge on considering the distribution of particles with respect to 
density as distinct from volume.
Isopycnic as distinct from rate-zonal separations are independent of 
sample bulk and, except where the density of one or more components is 
altered by exposure to high solute concentrations, of where the sample is 
positioned in the r o t o r . The sample may be loaded at any point within the 
gradient, if suitable adjustment is made to its density. Indeed, it may be 
incorporated into the gradient as a whole ; this has the advantage that, as 
the maximum loading of any zone is that at equilibrium, considerable 
amounts of material may be fractionated at one time. In such procedures 
the possibility that exposure to high concentrations of solute may selec­
tively alter the density of some subcellular organelles, e.g. mitochondria 
(l),must be remembered; these effects may or may not be advantageous. 
Furthermore, banding density may be markedly affected by the choice of 
gradient materials. Ribosomes band at significantly different densities 
in different media; this effect seems to be due to dehydration (17). The 
effects of different gradient materials on microsomes have been reported 
by Wallach (18) (Ficoll, sucrose, NaBr) and, in more detail,by Amar-Costesec 
e t  a l . (14) (sucrose-HgO, sucrose-D20, Ficoll).
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DESIGN OF INITIAL EXPERIMENTS
Bearing in mind the factors discussed above, it is now possible to 
consider some more practical aspects. If, as is the case for liver, the 
properties of the subcellular particles are reasonably well known, it 
is possible to omit some of the initial steps. ’Pioneer* work on other 
tissues may entail a preliminary assessment of the properties of the compo­
nents of interest.
The first step, of course, is to establish biochemical ’markers’ 
for the components of the tissue under investigation so that the distribu­
tion of component(s) of interest and of the major potential contaminants 
may be determined. Consideration must also be given to the possibility of 
artefacts in the analysis of the distributions due to interference or in­
hibition by the gradient material on the assays, e.g. inhibition of enzymes 
by sucrose (19).
Secondly, it is essential to obtain estimates of the size and the 
density of the particle(s) of interest. Differential centrifugation (dif­
ferential pelleting) may be useful in indicating the approximate size of 
the particles. In some cases, an organelle may be broken into fragments of 
two (or possibly more) distinct sizes - e.g. in liver, plasma membrane frag­
ments sediment in the form of large sheets into the nuclear fraction, and 
as vesicles into the microsomal fraction. If an A-XII zonal rotor is 
available, an initial fractionation of a whole homogenate will improve the 
amount and precision of the data - an approach illustrated elsewhere (13). 
Choice of rotor should be made on the basis of this initial data, if rate- 
zonal separation is to be used. The recommendations of Dobrota and Reid 
(20) on the suitability of the different batch-type rotors for different 
sizes of particles should be helpful in this context.
Whilst initial estimates of particle density may best be obtained 
from a separation on a zonal rotor, a useful alternative in pilot studies is 
small-tube gradient centrifugation. This has certain advantages, e.g. a 
single sample may be divided and run simultaneously on gradients differing 
in, for example, solute or ion content, either of which may affect selec­
tively the densities of some particles. Alternatively, different sample 
preparations may be compared on identical gradients. Full details of the 
methodology of tube centrifugation are to be found ip the review by 
Schumaker (5). Unfortunately, such pilot studies are much less useful in 
the context of rate-zonal separations. The available swing-out rotors 
differ too markedly in geometry (i.e. initial sample position, sedimentation 
distance, etc.) from zonal rotors for scaling up to be an easy task.
On the basis of the preliminary data, one of the following alter­
natives can be selected.-
(1) Where the components to be studied differ in size but are similar in
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density (e.g. ribosomal subunits, polysomes, or lysosomes and mitochondria), 
rate -zonal centrifugation is indicated.
(2) Where the components are similar in size, but differ in density (e.g. 
viruses, lysosomes and peroxisomes) isopycnic-zonal centrifugation is 
indicated.
(3) Where, as often occurs, there are some components similar in size 
but not in density to the particles of interest, and other components of 
similar in density but different in size, the use of both rate- and iso­
pycnic- zonal centrifugation is indicated. In such cases, the particles
are commonly separated from those of similar density by rate-zonal centrifu­
gation. The material thus isolated is then further purified by a second 
centrifugation, this time isopycnic-zonal, in order to separate the parti­
cles from those of similar size. This second centrifugation is often 
carried out by simple flotation in a conventional rotor rather than by 
centrifugation in a zonal rotor (see Article 21 for an example of this 
approach). A fuller discussion of this two-step approach has been given by 
Anderson e t  a l .  (2), who have termed it the 's-p procedures. In principle 
however, this term could also be applied to a single centrifugation where 
some particles band isopycnically whilst others are still sedimenting when 
the run is stopped. In view of this possible ambiguity, it is important 
that the term 's-p procedure' should not be used without definition. More 
effective two-step separation might conceivably be obtained by reversing 
the order of the two stages in the procedure (as in a piasma-membrane 
separation considered in the Discussion section of Article 21).
RECOMMENDED APPROACHES TO ZONAL ROTOR SEPARATIONS
1. Rate-zonal
The choice of the gradient for a trial separation is bound to be rather 
arbitrary. In the absence of other indications such as published separa­
tions on similar starting fractions, probably the most convenient initial 
gradient is one which is linear with r a d i u s .  (Obviously, this will not be 
linear with volume.) Close approximations are easily obtained by the 
use of simple gradient engines of the type described by, i n t e r  a l i a ,
Birnie and Harvey (2l) and Hinton and Dobrota (22). Choice of initial 
centrifugation time is also rather difficult ; again, a first approximation 
can be obtained by perusal of the relevant literature.
I m p r o v i n g  s e p a r a t i o n
In interpreting the results from these initial separations in order to 
achieve improved resolution with modified conditions, certain sources of 
error must be kept in mind, particularly if sedimentation coefficients are 
to be estimated. One or more component(s) may have reached an isopycnic 
position during centrifugation. Any estimates of sedimentation coefficient 
based on its observed position will then be erroneous. If preliminary 
estimates of density have been made, however, then this situation will be
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Fig. 4. Separation of components of the crude nuclear fraction from 
perfused liver by the method of Hinton e t  a l .  (13); gradient form 'A21.
The peaks are: 1, floating lipid; 2, microsomal material just beginning
to separate from soluble material ; 3, mitochondria; 4, plasma membrane
sheets; and 5, nuclei and aggregated ma t e r i a l . The arrows under peak 2 
indicate the sample zone.
easily recognized, and suitable adjustment made to the gradient and/or 
centrifugation time to prevent a recurrence. It must also be remembered 
that, during centrifugation, the particles are subjected to a continuously 
changing environment of solute concentration, and hence of osmotic pressure. 
This may have considerable effects on some subcellular particles, notably 
mitochondria. These effects have been discussed by de Duve e t  a l .  (l).
Separation may be modified either by altering the gradient, or by 
altering the time of centrifugation, or both. Thus if the zones in the 
denser region of the gradient are poorly resolved, this region of the 
gradient may be made less steep, i.e. a convex gradient used. If the zones 
in the denser region are well resolved, whilst those in the lighter region 
are not, one might (i) lessen the steepness of the initial region, keeping 
centrifugation time the same, or (ii) steepen the denser region, and
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increase centrifugation time. If the first alternative is adopted one 
must, of course, take care that the capacity of the gradient is not serious­
ly diminished (as considered earlier).
Where the preparation of a single component is required, the aim 
being preparative rather than analytical, it is a relatively simple matter 
to alter the gradient so that this component is preferentially resolved.
One of the simplest methods is to introduce a 'step' into the gradient.
The example shown here (Fig. 4) is a rate-zonal preparative run for liver 
plasma membranes according to Hinton e t  a l .  (13). The first region of 
the gradient serves to hold back the mitochondria (peak 3) which have a 
similar density to plasma membranes, but are somewhat smaller. Plasma 
membrane sheets (peak 4) sediment rapidly through this first region of the 
gradient, but are slowed by the step as they approach their banding 
density; this also has the effect of narrowing the zone. Microsomal 
material has barely begun to separate from the sample region (peak 2).
The shape of the step is quite critical; if too steep, the slightly denser 
erythrocytes (virtually absent from this particular sample) will contami­
nate the membranes. If the step is too shallow, the zone will be rather 
broad. As indicated, further purification is obtainable by an isopycnic 
flotation (13). Many preparative separations may be designed on a similar 
basis.
Isopycnic-zonal centrifugation
As discussed previously, the gradient shape is relatively unimportant, 
provided that the density range is correctly chosen. A linear (with 
volume) gradient is probably the best choice for initial runs, particularly 
because distribution artefacts should not be a problem. If necessary, a 
sigmoid gradient may be used to increase resolution of a selected region 
of the density spectrum. In this case, some care should be exercised in 
the choice of densities for the solutions used to construct the gradient, 
which must be carefully chosen to ensure correct inflection points.
If all else f a i l s__
If there are components present which are similar in both size and density, 
then it will not be possible to separate them by centrifugal means u n l e s s  
it is possible to modify selectively either the size or the density of 
some of the components. Possible methods include the following.-
(i) Different ions may be used to selectively increase the density of 
some components. This approach has been commonly adopted in the subfrac­
tionation of microsomes, e.g. the use of Mg2+ and Pb2+ to increase the 
density of endoplasmic reticulum fragments (13; see also Article 9 in 
this book). Ca2+ may be used to increase the density of mitochondria 
(see Article 21). This latter effect appears to be due to shrinkage. Al­
terations of particle density may, of course, benefit separations based on 
sedimentation rate as well as isopycnic separations.
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(ii) Changing the medium for centrifugation, e0g0 from sucrose to 
Ficoll, will affect the densities of membrane-bounded organelles especial­
ly, as indicated earlier0 It will also affect the sedimentation rate of 
some particles, e0g0 mitochondria,
(iü) It is sometimes possible to pre—treat a tissue i n  v i v o  with, for 
example, a drug or chemical which will selectively affect some organelles, 
as exemplified for lysosomes by Burge and Hinton (23).
CONCLUSION
Gradient design is of crucial importance in separations with zonal rotors„ 
Although some specialized computed gradients have been reported for speci­
fic purposes, e0go equivolumetric gradients (24,25), isokinetic gradients 
(25,26) (see accounts by G.B. Cline in Vol. 1, Art. P-5, and Vol. 2, Art. 
18), for most purposes the development of gradients must be on a trial-and- 
error basis. In this article, an attempt has been made to indicate, on 
the basis of the properties of subcellular particles and elementary centri­
fugal theory, how a particular separation may be tailored with a minimum 
number of trials, and also how certain errors may be avoided.
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W o l f s o n  B i o a n a l y t i c a l  C e n t r e
U n i v e r s i t y  o f  S u r r e y
G u i l d f o r d /  U . K .
T h e  d e c r e a s e d  i n t e r c e l l u l a r  b o n d i n g  i n  t u m o u r s  m a k e s  t h e  d i f f e r e n c e s  b e t w e e n  
t h e  p l a s m a  m e m b r a n e s  o f  l i v e r  a n d  h e p a t o m a s  o f  c o n s i d e r a b l e  i n t e r e s t .  U n f o r ­
t u n a t e l y ,  h e p a t o m a  p l a s m a  m e m b r a n e s  c a n n o t  b e  s e p a r a t e d  b y  m a n y  o f  t h e  
m e t h o d s  d e v e l o p e d  f o r  l i v e r  p l a s m a  m e m b r a n e s ,  b e c a u s e  t h e  h e p a t o m a  t i s s u e  
s e p a r a t e s  i n t o  s i n g l e  c e l l s  o h  h o m o g e n i s a t i o n  s o  t h a t  t h e  l a r g e  p l a s m a -  
m e m b r a n e  s h e e t s ,  d e r i v i n g  f r o m  s e v e r a l  c e l l s ,  w h i c h  c h a r a c t e r i s e  l i v e r  
h o m o g e n a t e s  a r e  a b s e n t  i n  h e p a t o m a  h o m o g e n a t e s .  N e v e r t h e l e s s ,  a  c o n s i d e r ­
a b l e  p o r t i o n  o f  t h e  p l a s m a  m e m b r a n e  o f  h e p a t o m a  c e l l s  i s  s p l i t  i n t o  s m a l l  
s h e e t s  ( a s  o p p o s e d  t o  v e s i c l e s )  a n d  s e d i m e n t s  w i t h  t h e  n u c l e a r  a n d  m i t o ­
c h o n d r i a l  f r a c t i o n  o n  d i f f e r e n t i a l  c e n t r i f u g a t i o n .  M e t h o d s  f o r  i s o l a t i n g  
t h e s e  s m a l l  s h e e t s  f r o m  c e r t a i n  t r a n s p l a n t e d  h e p a t o m a s 'a r e  n o w  d e s c r i b e d .
A m a j o r  p r o b l e m  i s  t h a t  h e p a t o m a  p l a s m a  m e m b r a n e s ,  l i k e  t h o s e  f r o m  
l i v e r ,  a g g r e g a t e  i f  t h e y  a r e  p e l l e t e d  t o g e t h e r  w i t h  i n t a c t  r e d  b l o o d  c e l l s .  
A t t e m p t s  w e r e  m a d e  t o  l y s e  t h e  r e d  c e l l s  b y  h o m o g e n i s a t i o n  i n  0 . 1 2  M  s u c ­
r o s e ,  b u t  r e p r o d u c i b l e  r e s u l t s  c o u l d  n o t  b e  o b t a i n e d  d u e  t o  n u c l e a r  l y s i s ,  
w h i c h  c o u l d  n o t  b e  f u l l y  c o n t r o l l e d  e v e n  b y  t h e  a d d i t i o n  o f  2  m M  C a C l ^ . 
B e t t e r  r e p r o d u c i b i l i t y  c o u l d  b e  o b t a i n e d  i f  h o m o g e n i s a t i o n  w e r e  c a r r i e d  o u t  
i n  0 . 2 5  M  s u c r o s e  -  2  m M  C a C l 2 r  f o l l o w e d  b y  r e m o v a l  o f  e r y t h r o c y t e s  b y  
l o w - s p e e d  c e n t r i f u g a t i o n .  T h e  p l a s m a - m e m b r a n e  s h e e t s  t o g e t h e r  w i t h  m i t o ­
c h o n d r i a  c o u l d  t h e n  b e  c o l l e c t e d  b y  c e n t r i f u g a t i o n  f o r  1 0  m i n  a t  1 0 , 0 0 0  g. 
T h e  r e s u s p e n d e d  p e l l e t  w a s  f r a c t i o n a t e d  i n  a  z o n a l  r o t o r .  T h e  p l a s m a  m e m b ­
r a n e s ,  c o l l e c t e d  i n  a  z o n e  a t  d e n s i t y  1 . 1 5 - 1 . 1 6 ,  c o u l d  b e  f u r t h e r  p u r i f i e d  
b y  a n  i s o p y c n i c  f l o t a t i o n  s t e p .  I n  i n i t i a l  w o r k ,  o v e r a l l  p u r i f i c a t i o n s  o f  
1 0 - f o l d  o r  b e t t e r  w e r e  o b t a i n e d  f o l l o w i n g  f l o t a t i o n .  L a t e r ,  h o w e v e r ,  p r o b ­
l e m s  a r o s e  w h i c h  s e e m e d  t o  b e  a s s o c i a t e d  w i t h  p r o g r e s s i o n  o f  t h e  t u m o u r .
T h e  y i e l d  o f  m e m b r a n e s  f e l l  s u b s t a n t i a l l y , w h i l s t  p u r i t y  a l s o  f e l l ,  p r o b a b l y  
d u e  t o  c o n t a m i n a t i o n  b y  a m o r p h o u s  m a t e r i a l  f r o m  n e c r o t i c  a r e a s  o f  t h e  t u m o u r .
S u c h  d i f f i c u l t i e s  c a n  b e  c i r c u m v e n t e d  b y  a n  a l t e r n a t i v e  a p p r o a c h  
o u t l i n e d  a t  t h e  e n d  o f  t h i s  a r t i c l e .  M o r e o y e r , p r e c a u t i o n s  a r e  n o t e d  f o r  
t h e  i s o l a t i o n  o f  p l a s m a  m e m b r a n e  f r o m  n o r m a l  l i v e r ,  i n s o f a r  a s  t h e  p r o b l e m  
o f  n u c l e a r  l y s i s ,  l e a d i n g  t o  a g g r e g a t i o n  t r o u b l e s ,  h a s  o c c a s i o n a l l y  b e e n  
e n c o u n t e r e d  w i t h  l i v e r .
The alterations in the plasma membrane of tumours, particularly loss of 
cell contact inhibition and changes in permeability and antigenic content, 
have been considered as possibly significant events in carcinogenesis (l).
It is therefore of interest to isolate the plasma membranes of normal and
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cancerous liver cells so as to find out the mechanism of these changes. In 
recent years many methods have been developed for the isolation of plasma 
membranes from normal liver, as reviewed elsewhere (2). These methods gene­
rally involve the use of either strongly hypotonic media to lyse erythrocy­
tes or perfusion to remove them prior to homogenisation. These precautions 
are necessary since pelleting of plasma-membrane sheets together with in­
tact erythrocytes causes irreversible aggregation.
When liver is homogenized, up to half of the plasma membrane is fouiid 
in very large sheets, each deriving from the membranes of several adjacent 
cells (3, 4). These large sheets sediment into the crude nuclear fraction. 
(The remaining plasma membrane forms small vesicles which are recoverable 
from the microsomal fraction (5).) In hepatomas, however, intercellular 
links are generally so weak that the tissue is fragmented to single'cells 
as the initial step in homogenisation. The membrane sheets are therefore 
much smaller, as was noted by Marinetti and Grey (6) with separated liver 
cells. Moreover, with tumours perfusion is usually impossible. Perhaps it 
is for this reason that published work on tumours has been mainly concerned 
with ascites or cultured cell lines (2, 7-9) in which erythrocytes and the 
problems which they generate are absent. Hypotonic media, however, have 
often been found necessary as an aid to cell breakage.
The only two methods for the isolation of hepatoma plasma membrane 
which have so far been published have both used extremely hypotonic homogen­
isation media (10, ll). Because of nuclear fragility, which is a common 
feature of hepatomas, it has been found necessary to include 2 mM CaCl2 in 
the homogenisation medium. The problems due to nuclear fragility are agg­
ravated by the difficulty of obtaining efficient cell breakage in tumours ; 
this, in turn, is due to the ease with which the small tumour cells can 
slip between the pestle and the wall of a homogenizer.
A common feature of most methods for the isolation of plasma membrane
is the use of repeated washing of the low-speed pellet from tube centrifuga­
tion, to remove contaminating small organelles. In earlier experiments with 
normal liver we have shown that such washing is unnecessary if the subse­
quent separation is carried out on a carefully chosen gradient in a zonal 
rotor (3J. We have, therefore, applied our experience in isolating plasma 
membrane from liver nuclear fractions to attempt comparable isolations with 
solid hepatomas. In the course of these studies we have encountered a num­
ber of problems which do not arise with normal liver.
MATERIALS AND METHODS 
Preparation of tissue
The hepatomas used were subcutaneous transplants from primary tumours indu­
ced by feeding L-ethionine to male rats of the University of Surrey hooded
strain (12). The majority of the experiments were performed on the tumour
subline 'WDB'. Transplants between the third and the sixth generation were 
used. The generation time was initially between 12 and 14 weeks but had
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fallen to between 7 and 8 weeks by the end of this series of experiments.
The glucose-6-phosphatase activity of this subline was about 40% that of 
normal liver, on a weight basis. A few experiments were done with a much 
more rapidly growing hepatoma ('UA*), likewise ethionine-induced. This had 
a generation time of 3-4 weeks and a glucose-6-phosphatase activity about 
25% that of normal liver.
The animals were killed by cervical fracture and the tumours complete 
with capsule were rapidly removed and chilled in several volumes of ice-cold 
homogenisation medium. Subsequent operations were performed at 0-4°. The 
hepatoma tissue was then dissected free of large pieces of connective tissue, 
necrotic material and blood clots, and was placed in a vessel containing 
about 9 ml of homogenisation medium per g of tissue. Homogenisation was 
then carried out using a Potter-Elvehjem homogenizer (A.Thomas Inc., Phila­
delphia) with a diameter clearance of 0.33 mm. The pestle, rotated at 900 
rev/min, was moved extremely slowly during each of the three strokes. Care 
was taken to keep the pestle as central as possible. The homogenate was 
then filtered through a coarse sieve. Typically 'xS g tissue equivalent was used.
In early experiments, a crude nuclear + mitochondrial fraction was 
prepared by centrifugation for 10 min at 10,000 g in the 8 x 50 ml rotor of 
a High Speed 18 centrifuge (M.S.E., Crawley). In later experiments, most 
of the erythrocytes and nuclei were removed by centrifugation for 3 min at 
400 g in a swing-out rotor in an M.S.E. Minor bench centrifuge before pelle­
ting the mitochondrial fraction. In either case, the 10,000 g, 10 min, 
pellet was resuspended using 6-8 strokes of a hand-operated Teflon-glass 
homogenizer (Jencons Ltd., Hemel Hempstead) to give a suspension containing 
material from 0.3-0.5 g (0.25-0.3 g if the nuclei were not removed) per g 
of tumour per ml. Details of the homogenisation and resuspension media used 
in different experiments are given in the RESULTS section.
Zonal centrifugation
An M.S.E. HS zonal rotor running in a High Speed 18 centrifuge was used in 
these experiments. The rotor was run at 1,500-1,800 rev/min during loading 
and unloading. Gradients were generated in a home-made gradient maker simi­
lar to that described by Birnie and Harvey (13). The concentrations of the 
sucrose solutions used to form the gradient are shown in Table 1. The gra 
dient was designed to band plasma membrane fragments at their isopycnic 
density while allowing sufficient space for their separation on a rate basis 
from lysosomes and microsomes. All sucrose solutions were prepared from 
Mineral Water Sucrose (Tate and Lyle Ltd., Liverpool). Immediately before 
use the pH of the solutions was adjusted to 7.5 by the addition of a freshly 
prepared solution of AnalaR sodium bicarbonate (to 5 mM).
The gradient was loaded on to the rotor with a small piston pump. The 
temperature at the point of entry to the rotor was maintained at 2-4 using 
an ice-salt bath as described in Vol. 1 of this series (14). The refractive 
index of the gradient was usually monitored during loading using a flow
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Table 1. Gradients used for separations of tumour plasma membranes
in the HS zonal rotor. All solutions contained 5 mM Na HC03,pH 7.5.
SUCROSE SOLUTION
Volume,ml Molarity Density, g/ml, 5U
G r a d i e n t  T l , f o r  n u c l e a r  + m i t o c h o n d r i a l  f r a c t i o n s
The mixing vessel initially contained 150 0.30
To this was added sequentially: (i) 300 1.065
(ii) 230 1.854
CUSHION (by-passing mixing ve s s e l ): to fill 2.0
rotor
G r a d i e n t  T 2 , f o r  m i t o c h o n d r i a l  f r a c t i o n
The mixing vessel initially contained 150 0.35
O t h e r  s o l u t i o n s  a s  a b o v e
refractometer (14). After introduction of the cushion, sample, and 40-50 ml 
of overlay (0.08 M sucrose containing 5 mM NaHCOg), the rotor was accelera­
ted to 9,000 rev/min. After 75-90 min, the rotor was decelerated and un­
loaded by displacement with 2 M sucrose. Usually both refractive index and 
temperature were monitored as during loading and, in addition, the absorbance 
at 650 nm was monitored using a Pye Unicam SP500 spectrophotometer fitted 
with a flow cell of 1 cm light path. The temperature of the outflowing 
gradient was normally about 10°, the heating being mainly due to passage 
through the core and the seal during displacement. Fractions usually of 
23 ml volume were collected into a cooled fraction collector (14).
Further purification of the plasma membrane fragments
In later experiments, the fractions containing the plasma-membrane frag­
ments, as judged by the absorbance at 650 ran and the density, were pooled, 
adjusted to density 1.18 and re-homogenized vigorously with three strokes 
of a Potter-Elvehjem homogenizer with the pestle rotated at 2,400 rev/min. 
Aliquots of 20 ml were then placed in polycarbonate tubes in the 8 x 50 ml 
angle head of a M.S.E. Super Speed 65 centrifuge, and overlaid with about 
15 ml of 0.25 M sucrose. After centrifugation for 90 min at 40,000 rev^nin 
(133,000 g), the plasma membrane was found banded at the interface of the 
sample and the 0.25 M sucrose, and was recovered with a bent pipette. The 
colour of the plasma membrane band varied from yellow-orange to off-white.
Enzymatic and chemical estimations
The procedures for assaying glucose-6-phosphatase and succinate dehydrogen­
ase (the endoplasmic reticulum and mitochondrial markers) have been descri­
bed elsewhere (3). The assay for the plasma membrane marker 51-nucleotidase
1.039
1.14
1.24
1.265
1.045
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was modified because in some earlier experiments it was noticed that gross 
under-recovery of the enzyme from the rotor was correlated with unexpectedly 
high activity in the homogenate and initial fraction. A similar problem is 
apparent in the results of Burge and Hinton (15) who worked with liver mito­
chondria and lysosomes. It thus seemed likely that the problem was due to 
the release of acid phosphatase from lysosomes in the starting fractions 
(which had been diluted with water prior to assay). Acid phosphatase is in­
hibited by 10 irM Na(+) tartrate (16J ; this was accordingly added to the 
assay medium. Fresh dilutions were prepared from tissue aliquots which had 
been stored at -25° and these were re-assayed in the presence and absence of 
tartrate. In the original assays on fresh tissue, the specific activity 
values for five different homogenates averaged 0.077 ±0.005 ymoles/min/g pro­
tein; re-assay in the absence and presence of tartrate gave values of 0.091 
±0.004 and 0.058 ±0.002 ymoles/min/mg protein respectively. A similar pat­
tern was obtained with aliquots taken from samples loaded on to the zonal 
rotor. It is reasonable to conclude that the increase on re-assay is due 
to further release of acid phosphatase on freezing and thawing. Therefore 
10 mM Na(+) tartrate was routinely included in the assay medium for 5'-nuc­
leotidase.
Acid phosphatase was usually assayed as described by Hinton et a l .
(3), but in some early experiments 0.01% Triton X-100 was included in the 
assay medium as an alternative to freeze-thawing. Whilst this was found to 
be a perfectly satisfactory procedure with normal liver, the greatly increa­
sed lipid content of the tumour sometimes caused turbidity during the assay 
of phosphate in the presence of Triton. Thereafter the tissue sample was 
freeze-thawed eight times before assay as in the original procedure.
Protein was measured by an automated variant (17) of the Lowry pro­
cedure. Protein values and enzyme activities were corrected for sucrose 
inhibition (18) using the computer program described elsewhere (19).
RESULTS
Initial investigations
When a hepatoma homogenate in 0.25 M sucrose was separated directly by 
centrifugation in an A-XII zonal rotor, 51-nucleotidase activity was found 
in a broad band sedimenting at a similar rate to the mitochondria and in 
a very small peak at the density at which liver plasma membrane sheets 
would be recovered (2), as well as with the microsomes which had not moved 
from the sample zone and in the aggregated material at the end of the 
gradient. It was therefore concluded that the plasma membrane sheets re­
leased on homogenisation of hepatoma were too small to separate from the 
mitochondria by rate sedimentation. In agreement with previous work repor­
ted from this laboratory (15, 20), we found that the hepatoma mitochondria 
were significantly smaller than those from liver and required more pro­
longed centrifugation to separate them from the microsomes. Also, there 
was considerable glucose-6-phosphatase activity associated with the mito­
chondria, indicating the presence of considerable amounts of adhering 
endoplasmic reticulum.
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obtained by cent­
rifuging a nuc- 
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Zonal centrifugation of the n u c l e a r + mitochondrial fraction
Fig. 1 and Table 2 show the distribution of material after the separation, 
by centrifugation in an HS zonal rotor, of a resuspended 10,000gr, 10 min, 
pellet prepared from hepatoma WD homogenized in 0.12 M sucrose containing 
2 mM CaCl2. Considerable amounts of lipid floated up from the sample 
region to the centre of the rotor. The first main peak (upper part of Fig. 
1, fractions 2-4) is due to very slowly sedimenting soluble and microsomal
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Table 2. Nuclear-mitochondrial fraction: distribution of material
amongst the different regions of the gradient (cf. Fig. 1).
E a c h  ' d i s t r i b u t i o n '  i s  e x p r e s s e d  a s  t h e  p e r c e n t a g e  i n  e a c h  
r e g i o n  o f  t h e  t o t a l  m a t e r i a l  o r  a c t i v i t y  r e c o v e r e d  f r o m  t h e  
g r a d i e n t .  ' R e c o v e r y '  i s  t h e  t o t a l  a m o u n t  o f  m a t e r i a l  r e ­
c o v e r e d  f r o m  t h e  r o t o r  a s  a  p e r c e n t a g e  o f  t h e  s a m p l e  l o a d e d  
i n t o  t h e  r o t o r .  T h e  v a l u e s  a r e  a v e r a g e s  d e r i v e d  f r o m  t h r e e  
r u n s  w h e r e  a  s u b s t a n t i a l  p r o p o r t i o n  o f  t h e  i n t e n d e d  s a m p l e  
r e m a i n e d  u n a g g r e g a t e d .
REGION Protein
5 *-Nucleo­
tidase
Glucose-6- 
phosphatase
Acid
phosphatase
Succinate-INT 
dehydrogenase
1 25.5 16.2 11.2 25.3 0.2
2 9.2 11.7 15.1 28.0 0.6
3 6.5 16.0 7.1 12.2 2.0
4 13.1 7.3 11.0 12.2 13.0
5 46.6 49.8 55.6 22.3 84.2
Recovery 68.0 74.7 74.2 67.2 77.0
contaminants which have not moved significantly from the sample region. 
Lysosomes as indicated by acid phosphatase activity are spread in a broad 
band between the sample region and the second protein peak which is mainly 
due to plasma membrane fragments as indicated by the considerable activity 
of 5’-nucleotidase and the low activity of the markers for other subcelliiar 
structures. The large peak at the dmse end of the gradient contains nuc­
lei, whole and partly broken cells, much aggregated material, and most of 
the mitochondria. Between the peak and the preceding plasma membrane peak 
is a region which contains much more protein than can be explained by the 
relatively small amounts of the marker enzymes which are found there. This 
material seemed amorphous on light microscopy and may be due to membranous 
remnants from necrotic areas of the tumour. The unexpectedly high density 
of the mitochondria is due to calcium-induced shrinkage.
While the plasma membrane region is clearly separated from the mic­
rosomes at the beginning of the gradient and the mitochondria at the dense 
end, there is some contamination by amorphous material and by rapidly 
sedimenting lysosomes. The apparent contamination of the plasma membrane 
region by glucose-6-phosphatase may be due to endoplasmic reticulum frag­
ments carried by the mitochondria (which themselves have sedimented through 
to the end of the gradient) or endoplasmic reticulum fragments trapped in 
the sheets of plasma membrane. Alternatively, it may be due to broad- 
spectrum phosphatases in the plasma membrane itself. The low activity of 
glucose-6-phosphatase in the microsomal region is due to inhibition by the 
calcium ions added during the sample preparation.
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Although this procedure gave plasma-membrane fractions with purifi­
cations up to 10-fold and in yields up to 8%, the method was not reproducible. 
The calcium ions did not completely prevent nuclear lysis and also afforded 
some protection to contaminating erythrocytes, such that aggregation between 
these intact erythrocytes and plasma-membrane fragments was a major problem. 
The poor overall recovery of material from the zonal rotor was due to large 
aggregates being trapped in the rotor. Table 3 summarizes the yield and 
purifications of various marker enzymes after separation of plasma-membrane 
fragments by this method.
Table 3. Nuclear-mitochondrial fraction: purification and yield of the
various marker enzymes during the isolation procedure.
S p e c i f i c  a c t i v i t i e s  a r e  e x p r e s s e d  a s  ] i m o l e s / m i n / g  p r o t e i n ,  a n d  
r e p r e s e n t  t h e  m e a n  f o r  3  r u n s  a s  i n  T a b l e  2 .
' R S A ' d e n o t e s  r e l a t i v e  s p e c i f i c  a c t i v i t y .  Y i e l d s  a r e  %.
Glucose-6- Acid Succinate-INT
5’-Nucleotidase phosphatase phosphatase dehydrogenase
Fraction S A yield R S A S A yield R S A S A yield R S A s a  yield R S A
Whole homo­
genate
56 (100) (1) 18 (100) (1) 36 (100) (1) 7.5 (100) (1)
Nuc.-mito.
fraction
104 62.5 1.85 29 72.5 1.6 40 60.5 1.1 15 74 2.0
Region 3 238 6.8 4.25 30 4.2 1.7 60 5.8 1.7 4 1.4 0.53
Zonal centrifugation of mitochondrial fractions
By using isotonic sucrose as the homogenisation medium, we were able to 
reduce considerably the amount of nuclear lysis. Most of the nuclei and 
erythrocytes could be removed by centrifugation for 5 min at 400 g. Plasma- 
membrane sheets remained in the supernatant and were subsequently collected 
with the mitochondrial fraction. It was still necessary to include calcium 
in the homogenisation medium as there was a risk of nuclear lysis even in 
isotonic sucrose. Also, the calcium is needed to increase the density of 
the mitochondria, and seems to assist in preserving intact the plasma- 
membrane sheets, in agreement with the results of Benedetti and Emmelot (2l).
Fig. 2 shows the distribution of material after centrifugation of a 
mitochondrial fraction in the HS rotor. The distribution of material is 
generally very similar to that found with the nuclear + mitochondrial frac­
tion illustrated in Fig. 2 except that, as expected, the amount of material 
lying against the cushion is much reduced. Initially, at least, there was 
no fall in the proportion of the homogenate plasma membrane recovered in 
the 'plasma membrane ' region as compared with the best separations achieved
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2. Pattern obtained by centrifuging a hepatoma mitochondrial 
fraction in an HS rotor, for 75 min at 9,000 rev/min. The 
symbols are as in Fig. 1, e . g . --- , density; o o, 5 '-nucleo­
tidase.
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Table 4. Mitochondrial fraction: distribution of material amongst 
the different regions of the gradient (cf. Fig. 2).
A s  i n  T a b l e  2 ,  e a c h  ' d i s t r i b u t i o n '  i s  e x p r e s s e d  a s  %  o f  
t h e  t o t a l  r e c o v e r y ;  t h e  m e a n s  a r e  d e r i v e d  f r o m  5  r u n s .  
' R e c o v e r y '  v a l u e s  r e p r e s e n t  %  o f  m a t e r i a l  l o a d e d ,  a s  m e a n  
± s t a n d a r d  e r r o r  ( &  n o .  o f  o b s e r v a t i o n s ) .
REGION Protein
5’-Nucleo­
tidase
Glucose-6-
phosphatase
Acid
phosphatase
Succinate- INT 
dehydrogenase
1 16.6 14.7 14.5 28.8 0.03
2 6.9 12.2 9.4 24.2 0
3 7.2 24.5 6.8 11.0 1.9
4 21.2 18.9 22.1 16.3 25.2
5 47.0 29.7 47.3 19.7 72.8
Recovery 96.3 
±7.5 (5)
86.5 
±8.3 (5)
73.5
±8.5 (5)
98.7
±11.5 (4)
89.7
±9.8 (5)
with the nuclear + mitochondrial fraction. Table 4 summarizes the distri­
bution of material through the gradient.
A small number of erythrocytes were always left in the supernatant 
after the low-speed centrifugation, but they were too few to cause any 
large-scale aggregation of the plasma membranes. In some experiments a 
distinct band of erythrocytes was present on the dense side of the plasma 
membrane zone. It most experiments, however, erythrocytes were concentra­
ted with the aggregates at the end of the gradient and may have been res­
ponsible for the presence of some plasma membrane in this region.
Initially this approach, with a mitochondrial fraction as starting- 
material, was considerably more satisfactory. However, over three trans­
plant generations the yield of homogenate 5'-nucleotidase which sedimented 
into the mitochondrial fraction fell steadily from 37% to 24%, correlating 
with a steady decrease in transplant generation time (to half of the 
original; generally two separations were carried out on each transplant 
generation). In one further generation, only 18% of the 5'-nucleotidase 
sedimented into the mitochondrial fraction, and no further separations 
were attempted.
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Further purification of the plasma membrane fragments
In a trial experiment, plasma membrane collected from the HS zonal rotor 
.vas re-suspended in sucrose of density 1.19 by re-homogenisation with 
three strokes of a Potter-Elvehjem homogenizer with its pestle rotated at 
2,400 rev/min, and loaded into a linear sucrose gradient (for details of 
gradient see Legend to Fig. 3). After centrifugation for 2 h at 47,000 
rev/min the rotor was unloaded and the distribution of material examined 
(Fig. 3). The results showed that plasma membranes, as indicated by
- 0  25
0 6 —
0 0 4 12-  - 0  20
0 03 -  -- 0 1 5
p -
- - 1 1
02 -
1 0 0 1 - -
3020
Fraction No.
Fig. 3. Pattern obtained by centrifuging pooled plasma membrane fractions, 
prepared from the mitochondrial (+ lysosomal) fraction using an 
HS rotor: the re-centrifugation was for 2 h at 47,000 rev/min
in a B-XIV zonal rotor, which was loaded with 400 ml of linear 
sucrose gradient ranging from density 1.10 to 1.185. The sample 
(50 ml), which had been isolated at density 1.19, was introduced 
v i a  the edge of the rotor, and overlaid by 150 ml of a linear 
gradient ranging from 1.195 to 1.23; the rotor was filled with 2M 
sucrose. All solutions contained 5 mM Na HC03 , pH 7.5.
Symbols are as in Fig. 1, e . g .  . density; o o,5'-nucleotidase.
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5*-nucleotidase, formed a broad band centered at density 1.16. This is 
considerably lower than the density of normal-liver plasma membranes 
(3, 22). As the membranes were re-homogenized vigorously before banding 
it is unlikely that the low density is due to trapped lipid droplets. A 
considerable amount of lipid was, in fact, released from the membranes by 
the re-homogenisation, and this is responsible for the A„ftn peak at the 
core of the rotor.
It is clear that re-centrifugation under these conditions results 
in a considerable increase in the purity of the plasma membrane fragments. 
Whilst 80% of the S'-nucleotidase is banded at a density below 1.18, only 
about 30% of the protein, 30% of the glucose-6-phosphatase and 34% of the 
acid phosphatase are found in this region. These last three assays are, 
however, not very reliable as there is so little material in these low- 
density fractions. Assays on material spun down by centrifugation for 
90 min at 100,000 g after dilution indicated that 5'-nucleotidase was 
purified about 14-fold over the homogenate, a 2-fold increase compared 
with the plasma-membrane fraction separated on the HS rotor (Table 5). 
Succinate dehydrogenase was not detectable in the gradient.
On the basis of this experiment, flotation from a density of 1.18 
was chosen as optimal for the further purification of plasma-membrane
Table 5. Mitochondrial fraction: purification and yield of different 
marker enzymes.
S p e c i f i c  a c t i v i t i e s  a r e  e x p r e s s e d  a s  ] i m o l e s / m i n / g  p r o t e i n .  
’ R S A '  d e n o t e s  r e l a t i v e  s p e c i f i c  a c t i v i t y .  Y i e l d s  a r e  %. 
V a l u e s  f o l l o w i n g  t h e  m e a n s  r e p r e s e n t  s t a n d a r d  e r r o r s  ( a n d  n o .  
o f  o b s e r v a t i o n s ).
Glucose-6- Acid Succinate-INT
5’-Nucleotidase phosphatase phosphatase dehydrogenase
Fraction S A yield r s a S A yield r s a S A yield r s a S A yield r s a
Whole homo­ 59 (100) (1) 21 (100) (1) 51 (100) (1) 11.3 (100) (1)
genate ±3.6 ±2.4 ±4 ±0.7
( 5 ) ( 5 ) ( 5 ) ( 5 )
Mitochond­ 90 29.8 1.53 41 39.6 1.95 74 27.9 1.45 31.6 54.5 2.8
rial ±4.9 ±3.05 ±4.9 ±4.95 ±21 ±6.51 ±3.5 ±5.75
fraction ( 5 ) ( 5 ) ( 5 ) ( 5 ) ( 5 ) ( 5 ) ( 5 ) ( 5 )
Plasma 287 6.2 4.86 30 1.951.43 140 4.0 2.75 7.3 0.97 0.65
membranes ±55 ±0.45 ±8.5 ±0.45 ±41 ±1.26 ±2.5 ±0.36
( R e g i o n  3 ) ( 5 ) ( 5 ) ( 5 ) ( 5 ) ( 5 ) ( 5 ) ( 5 ) ( 5 )
Plasma 506 4.7 8.58 28 0.85 133 104 1.3 2.04 1 4.8 0.08
membranes ±165 ±0.51 ±8 ±0.20 ±16 ±0.41 ±0.4 ±3.6
f l o a t e d  a t ( 4 ) ( 4 ) ( 4 ) ( 4 ) ( 4 ) ( 4 ) ( 4 ) ( 4 )
d  1 . 1 8
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fragments. The technique used is described in the Materials and Methods 
section. This flotation generally resulted in a considerable increase in 
the purity of the plasma-membrane fraction, particularly with regard to the 
removal of mitochondria. However, as the tumour became increasingly unlike 
liver, the flotation became less and less effective in removing contamina­
ting material. This is probably due to the increasing importance of low- 
density amorphous material as a contaminant. This material, having the 
same density as the plasma-membrane fragments, cannot be removed by iso­
pycnic flotation. The results of an experiment on a fast-growing hepatoma 
are relevant to this discussion. This tumour possessed extensive necrotic 
areas, and although about 6% of the 5’-nucleotidase was recovered in the 
'plasma-membrane1 band after centrifugation in the HS  zonal rotor, an 
amount comparable with that obtained in the slow-growing hepatoma, the 
purification was only 4.5-fold. We must, therefore, conclude that the 
method which is described above is applicable only to relatively 'clean' 
tumours.
DISCUSSION
The problems encountered in the isolation of plasma-membrane fragments from 
hepatoma cells can be separated into two groups. Firstly, one must avoid 
aggregation of plasma-membrane fragments with other cell components. Plasma- 
membrane fragments must not be pelleted together with erythrocytes, this 
leading to irreversible aggregation, and the homogenates must be handled 
very carefully, failing which the nuclei will lyse and form an intractable 
nucleoprotein gel. Secondly, the plasma-membrane fragments must be separa­
ted from mitochondria, which are rather similar in size and in density, and 
from other membranous material.
Our earlier experiments showed that erythrocytes could not be removed 
by lysis in hypotonic media because of the fragility of the nuclei. This 
is in agreement with the results of Wolf and Avis (9) who found that up to 
60% of the cell ghosts released from an ascites lymphoma were lost in a 
nucleoprotein gel following homogenisation according to the procedure of 
Neville (23). Most of the problems connected with the stability of the 
tissue suspension were, however, solved by the use of isotonic sucrose con­
taining 2 mM CaCl2 as the homogenisation medium. The addition of calcium 
to the homogenisation medium also solved the problem of mitochondrial conta­
mination, as Ca2+ ions were found to increase the density of mitochondria 
from their usual value of 1.18 (24) to 1.21, so removing them completely 
from the plasma-membrane zone.
The most important contaminants remaining in the plasma-membrane 
zone were endoplasmic reticulum fragments, as indicated by glucose-6-phos- 
phatase, and amorphous material. Any released nuclear membranes (25; see 
also Art. 24) should have sedimented right through the plasma-membrane 
region after 75 min at 9,000 rev/min, but any trapped nuclear membranes 
would have been removed in the isopycnic flotation step. The amorphous 
material did not contain much of any of the marker enzymes assayed; but its
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presence was indicated in that the purification of plasma-membrane frag­
ments fell off with each successive generation of the tumour without 
there being any concomitant increase in any of the other marker enzymes.
This material had the same density as the plasma-membrane fragments but 
was probably much faster sedimenting and may be identified with the rapidly 
sedimenting amorphous material which was noticed on separations of tumour 
mitochondria in an A-XII zonal rotor (20).
The most striking change, however, was the fall in the yield of memb­
ranes, which was quite clearly related to transplant generation. This was 
probably due to increased fragility of the membranes, although increased 
aggregation, because of increased nuclear fragility, almost certainly con­
tributed.
Because of these problems, we must conclude that although the method 
described above provides a simple method of preparing s m a l l  sheets of 
membrane from tumours lacking extensive necrotic areas, it is not suitable 
for fast-growing hepatomas such as have been studied in this laboratory. 
However, we have recently developed an alternative method of isolating 
hepatoma plasma-membrane fragments which overcomes the problems caused by 
low-density amorphous material.
Recent development of an effective procedure for fast-growing hepatomas
The tumour is extracted and homogenized in 0.25 M sucrose, pH 7.5, contai­
ning 2 mM CaCl2 as in the procedure described above. The homogenate is 
then adjusted to density 1.18, and placed in the tubes of an 8 x 50 ml 
rotor, each tube being overlaid with about 15 ml of 0.25 M sucrose. After 
centrifugation for 50 min at 133,000 gr, the interface layer is separated 
and, after dilution to about 5 ml/g of original tissue,is centrifuged in 
an 8 x 50 ml rotor for 10 min at 10,000 g .  The re-suspended pellet is then 
separated by a brief rate-zonal centrifugal run in an HS zonal rotor, using 
a complex gradient ranging in density from 1.04 to 1.18. The plasma- 
membrane sheets are separated from the faster sedimenting amorphous material, 
which in some preparations is enriched in acid phosphatase. Preliminary 
results indicate that the plasma-membrane sheets are purified up to 17 times 
(as judged by homogenate 5'-nucleotidase activity) and are obtained in 
about 5-6% yield. The purified membranes were found to aggregate spontane­
ously and to be very fragile, up to 50% of the sheets being converted to 
vesicles by 4-6 strokes of a hand-operated Teflon-glass homogenizer.
Further investigations on the preparation obtained by this method will be 
published elsewhere.
The above methods were developed for hepatomas and applied only to 
these. However, in many tissues lacking tight intercellular bonds, or in 
isolated cells, the membrane sheets released on homogenisation are likely 
to be of similar size to those we have isolated from hepatomas ; hence the 
methods should be of quite wide applicability.
Hepatoma plasma-membrane fragments 185
Problems of nuclear lysis in liver homogenates
In some recent experiments, we have encountered the problem of nuclear 
fragility when preparing plasma membrane from the livers of 12-14 week old 
(260-290 g) hooded rats by the procedure of Hinton e t  a l .  (3). Nuclear 
lysis has caused contamination of the plasma-membrane region by low-density 
nucleoprotein gels which trap much of the membrane, so drastically reducing 
both the yield and the purity of the final product. This problem has been 
overcome by using younger rats (about 8 weeks old, weight about 170 g) as 
suggested by Neville (23), avoiding osmotic shock by overlaying the sample, 
after loading into the zonal rotor, with 10 ml of 0.25 M sucrose before 
adding the 0.08 M sucrose. Further improvement may be obtained by preparing 
the gradient from sucrose solutions treated with activated charcoal (Norit 
A; Sigma Chemical Co., London) (26). This results in a much sharper plasma- 
membrane band, which suggests that the activated charcoal acts by removing 
traces of heavy metals which can markedly increase the density of membrane 
fragments (5, 27) .
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Alkaline Ribonuclease and Phosphodiesterase Activity in 
Rat Liver Plasma Membranes
B y  T E R E N C E  D .  P R O S P E R O ,  M A L C O L M  L. E. B U R G E , *  K E N N E T H  A. N O R R I S , f  
R I C H A R D  H .  H I N T O N  a n d  E R I C  R E I D  
Wolfson Bioanalytical Centre, University o f Surrey, Guildford, U.K.
{Received 19 September 1972)
T h e  ribonuclease a n d  phosphodiesterase activities of rat liver plasma membranes, purified 
f r o m  the crude nuclear fraction b y  centrifugation in an  A - X I I  zonal rotor a n d  flotation, 
were examined a n d  compared. T h e  plasma m e m b r a n e  is responsible for between 65 a n d  
90 %  of the phosphodiesterase activity of the cell a n d  between 25 a n d  30 %  of the particu­
late ribonuclease activity measured at p H 8.7 in the presence of 7 . 5 m M - M g C l 2. B o t h  
- enzymes were m o s t  active between p H 8 . 5  a n d  8.9. Close to the p H  optimum, both 
enzymes were m o r e  active in Tris buffer than in Bicine or glycine buffer. B o t h  plasma- 
m e m b r a n e  phosphodiesterase a n d  ribonuclease were strongly activated b y  M g 2+, there 
being at least a  12-fold difference between the activity in the presence of M g 2+ a n d  of 
E D T A .  There is, however, a difference in the response of the enzymes to M g 2+ a n d  E D T A  
in that the phosphodiesterase is fully activated b y  L O m M - M g C L  a n d  fully inhibited by  
l . O m M - E D T A ,  whereas the ribonuclease requires 7 . 5 m M - M g C l 2 for full activation a n d  
5 m M - E D T A  for full inhibition. Density-gradient centrifugation has indicated that o n  
solubilization in Triton X - 1 0 0  m o s t  of the ribonuclease activity is released into a small 
fragment of the s a m e  size as that containing the phosphodiesterase activity. T h e  relation­
ship between the t w o  activities is discussed in view of these results.
In the past, the distribution of alkaline ribonuclease 
activity a m o n g  subcellular particles has been studied 
b y  the classical differential centrifugation scheme or 
b y  measurements o n  single ‘purified’ subcellular 
fractions. T h e  results thus obtained have indicated 
that s o m e  alkaline ribonuclease activity is present in 
every subcellular organelle of rat liver (Roth, 1957 ; 
Reid &  Nodes, 1959; Shugar &  Sierakowska, 1967), 
but the imprecise composition of fractions obtained 
b y  differential centrifugation (Leighton et a l, 1968) 
m a k e s  it very difficult to estimate the contribution of 
an y  particular organelle to the total cellular activity. 
This information is important because the inevitable 
cross-contamination between different subcellular 
fractions m e a n s  that a n  activity in s o m e  fractions m a y  
not, in fact, be due to the organelle that is the prin­
cipal c o m p o n e n t  of that fraction, but to a contami­
nant or a mixture of contaminants. This uncertainty 
can be r e m o v e d  b y  first identifying the major sites of 
a n  activity, then determining whether or not a p p a ­
rently ‘m i n o r ’ activities can be explained b y  cross­
contamination. Zonal rotors (Anderson, 1966; Reid, 
1971) provide the requisite tool.
Purified rat liver p l a s m a - m e m b r a n e  fragments have 
been reported to contain alkaline ribonuclease
* Present address: Smiths F o o d  Group, Park Royal 
Road, L o n d o n  N.W.10, U.K.
fPresent address: Vickers Medical, Basingstoke, 
Hants., U.K.
( E m m e l o t  e ta l, 1964) a n d  alkaline phosphodiesterase 
( E m m e l o t  et al., 1964; Lansing et a l, 1967 ; C o l e m a n  
et a l, 1967; Erecinska et a l, 1969; Touster et a l,
1970) activities, the latter, especially, comprising a 
large proportion of the total cellular activity. Alkaline 
ribonuclease activity has also been reported in Krebs 
ascites-cell plasma m e m b r a n e  (Stonehill &  Huppert, 
1968). However, ribonuclease activity is widely dis­
tributed within the cell, a n d  it is not clear whether the 
activity reported in the plasma m e m b r a n e  is due to the 
m e m b r a n e  fragments themselves or to contaminants. 
T h e  use of zonal rotors enables the simultaneous 
separation of big sheets of plasma m e m b r a n e  a n d  of 
other large organelles such as mitochondria (Hinton 
et a l, 1970,1971). Scanning for ribonuclease activity, 
assayed under a variety of conditions, across the 
fractions thus separated will allow the identification 
of a distinctive p l a s m a - m e m b r a n e  ribonuclease, if 
one is indeed present, a n d  will permit a n  estimation 
of the contribution m a d e  b y  the plasma m e m b r a n e  
to the total a m o u n t  of ribonuclease in the cell. T h e  
results presented below s h o w  that there is indeed a 
distinctive ribonuclease in the plasma m e m b r a n e .  
Since a  ribonuclease is, formally, only a specific type 
of phosphodiesterase, it is useful to c o m p a r e  the 
properties of the ribonuclease activity in the plasma 
m e m b r a n e  with the properties of the phosphodi­
esterase activity a n d  to speculate o n  the possible 
relationship between the t w o  activities. A  preliminary
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report of part of these results has been published 
(Norris et ah, 1971), but the purer p l a s m a - m e m b r a n e  
preparations used in the experiments n o w  reported 
have furnished s o m e w h a t  higher p H  optima.
Experimental
Animals and materials
M a l e  h o o d e d  rats of the University of Surrey 
strain, about 2  m o n t h s  old a n d  weighing 180-230g, 
were used in these experiments. Torula yeast R N A  
type V I  w a s  purchased f r o m  S i g m a  (London) C h e m ­
ical Co. Ltd., L o n d o n  S.W.6, U.K., a n d  further puri­
fied b y  extraction with phenol a n d  s o d i u m  dodecyl 
sulphate as described elsewhere (Mullock et ah,
1971). Low-molecular-weight contaminants were 
r e m o v e d  b y  diafiltration b y  using a Diaflo U M - 1 0  
m e m b r a n e  ( A m i c o n  Ltd., Oosterhout, T h e  Nether­
lands). Gel filtration indicated that m o s t  of the R N A  
in this preparation w a s  at least 30 nucleotides long. 
S o m e  later experiments were m a d e  with a c o m m e r c i ­
ally available R N A  of high molecular weight {Torula 
yeast R N A ,  B  grade; Calbiochem, S a n  Diego, Calif., 
U.S.A.). There were n o  significant differences be­
tween the results obtained with the t w o  types of 
R N A .  S o d i u m  bis-p-nitrophenyl phosphate w a s  
purchased f r o m  S i g m a  (London) Chemical Co. Ltd. 
Gradients in the zonal rotor a n d  for small tubes were 
prepared f r o m  Mineral W a t e r  sucrose (Tate a n d  Lyle 
Ltd., L o n d o n  S.E.6, U.K.). In s o m e  experiments the 
sucrose solutions were pretreated with Norit A -  
activated charcoal [Sigma (London) Chemical Co. 
Ltd.] to r e m o v e  ribonuclease (Steele &  Busch, 1967).
Preparation of tissue
T h e  procedures in general were those described by  
Hin t o n  et ah (1970). T h e  livers were perfused in situ 
with 0.25M-sucrose adjusted to p H  7.5 with 5 m M -  
N a H C 0 3 a n d  were then homogenized with three 
strokes of a Potter-Elvehjem homogenizer (A. 
T h o m a s  Inc., Philadelphia, Pa., U.S.A.), with a pestle 
rotated at 9 0 0 rev./min a n d  a diametric clearance of 
0.33 m m  between pestle a n d  vessel, in ice-cold 
0.25M-sucrose containing 5 m M - N a H C 0 3. H o m o ­
genates were filtered through a coarse sieve a n d  
centrifuged for 10 m i n  at 4 0 0 g  to collect the crude 
nuclear fraction. T h e  pellet w a s  resuspended in about 
25 m l  of the homogenization m e d i u m  with a hand- 
operated Teflon-glass homogenizer with a diametric 
clearance of 0 . 3 3 m m .
Zonal centrifugation
A  slight modification of Procedure I V  described by  
Hin t o n  et ah (1970) w a s  followed. T h e  M S E  A - X I I  
zonal rotor w a s  charged with a  c o m p l e x  gradient
(A2; see Hinton et ah, 1970). T h e  resuspended crude 
nuclear fraction w a s  loaded o n  to the zonal rotor 
after the removal of a sample for analysis a n d  over­
laid with 1 0 m l  of 0.25M-sucrose a n d  5 0 m l  of 0 .08m -  
sucrose. All sucrose solutions were adjusted to p H  7.5 
b y  addition of N a H C D 3 to 5 m M  immediately before 
use. Centrifugation w a s  carried out for 5 0 m i n  at 
3700rev./min. T h e  gradient w a s  then displaced a n d  
3 4 m l  fractions collected. T h e  changes f r o m  the pre­
viously published m e t h o d  (Hinton et ah, 1970), i.e. 
the use of Norit A-treated sucrose, the use of 
younger rats a n d  the overlaying of the sample with 
0.25M-sucrose, were m a d e  to prevent aggregation, 
largely caused b y  nuclear lysis, which sometimes 
vitiated preparative runs m a d e  b y  the original pro­
cedure.
T h e  p l a s m a - m e m b r a n e  fraction collected f r o m  the 
zonal rotor w a s  sometimes further purified b y  
flotation. T h e  density of the fraction w a s  adjusted 
to 1.19g/ml with 2M-sucrose a n d  the fraction w a s  
then rehomogenized with three strokes of a Potter- 
Elvehjem homogenizer with its pestle rotated at 
2400rev./min. Portions (20ml) were put into the tubes 
of the 8 x 5 0 m l  rotor of the M S E  Super-Speed 65 
ultracentrifuge a n d  were overlaid with 15 m l  of 0.25 m - 
sucrose. After centrifugation for 2 0 m i n  at 1 3 3 0 0 0 g  
the ‘pure’ p l a s m a - m e m b r a n e  fraction w a s  collected 
f r o m  the interface between the t wo layers of sucrose.
Fractionation of solubilized plasma membrane
Plasma m e m b r a n e s  purified b y  flotation were re­
suspended in O.lM-Tris-HCl buffer, pH8.5, a n d  
‘solubilized’ b y  the addition of Triton X-1 0 0  to a 
final concentration of 1 %  (Steele &  Busch, 1967). 
T h e  solubilized m e m b r a n e  components were separ­
ated b y  centrifugation. Sucrose gradients ranging 
f r o m  0 .1m  to 0 .4m  a n d  containing O.lM-Tris buffer, 
pH8.5, a n d  1 %  Triton X-100 were prepared in 
the tubes of a n  M S E  3 x 2 3  m l  swing-out rotor. A  
‘cushion’ of 2 m l  of 2M-sucrose w a s  placed in the 
b o t t o m  of the tubes before the preparation of the 
gradients. A  portion (1.0ml) of the Triton X-100- 
treated plasma m e m b r a n e  w a s  layered o n  the 
gradient a n d  the tube centrifuged for 12.5h at 
9 3 0 0 0 g  in an  M S E  Super-Speed 65 ultracentrifuge. 
After centrifugation the gradients were displaced 
with 2M-sucrose by  using an  apparatus similar to that 
described by  Leighton et ah (1968) a n d  1.5ml fractions 
collected into cooled receptacles.
Chemical and enzyme assays
Protein w a s  m e a s u r e d  by  an  automated adapt­
ation (Hinton &  Norris, 1972) of the m e t h o d  of 
L o w r y  et ah (1951), with bovine ser u m  albumin 
as standard. Glucose 6-phosphatase, succinate de­
hydrogenase a n d  acid /3-glycerophosphatase acti-
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vities were assayed as described b y  Hint o n  et al. 
(1970). 5'-Nucleotidase activity w a s  also assayed as 
described b y  these authors except for the inclusion of 
0.01 M -sodium (+)-tartrate in the assay m e d i u m  to 
prevent interference owi n g  to non-specific pho s ­
phatase (El-Aaser &  Reid, 1969).
Acid a n d  alkaline phosphodiesterase activities were 
generally assayed by  the automated m e t h o d  described 
b y  Hinton &  Norris (1972) with bis-p-nitrophenyl 
phosphate as substrate, but in s o m e  experiments an 
equivalent m a n u a l  assay w a s  used. In this case 1 m l  of 
0.25M-Tris, -Bicine [AW-bis(2-hydroxyethyl)glycine] 
or -glycine or 0.3 M-dimethylglutarate buffer of the 
appropriate p H  (measured at 37°C) w a s  mix e d  with 
0.2ml of M g C l 2 or E D T A  a n d  0.5ml of an  appro­
priate tissue suspension. T h e  reaction w a s  started by 
the addition of 0.3 m l  of 0.01 M-bis-p-nitrophenyl 
phosphate. After incubation for between 30 a n d  
6 0 m i n  at 37° C  the reaction w a s  stopped b y  the addi­
tion of 2 m l  of 0 . 2 5 M - N a O H ,  precipitated protein 
w a s  centrifuged off, a n d  the of the supernatant 
measured in a Py e  U n i c a m  SP.500 spectrophoto­
meter. F o r  the purpose of routine measurements, the 
assay w a s  performed in Tris buffer, p H 8.7; 0.2ml of 
0 . 0 5 M - M g C l 2 or of E D T A  being added as activator.
Ribonuclease activity w a s  assayed b y  an  adaption 
of the m e t h o d  used by  de D u v e  et a l (1955) for acid 
ribonuclease. A  sample (0.5 ml) of the appropriate 
tissue suspension w a s  mix e d  with 0.4ml of a  mixture 
containing buffer a n d  activator a n d  the reaction 
started b y  the addition of 0.1 m l  of a 1 0 m g / m l  solution 
of R N A .  T h e  tube w a s  vigorously shaken a n d  then 
incubated for 61 m i n  at 37°C. After incubation the 
reaction w a s  stopped b y  the addition of 1.5ml of 10 %  
H C 1 0 4 containing 0.25 %  uranyl acetate. After stand­
ing for 2 0 m i n  at 0°C, the precipitated protein a n d  
R N A  were r e m o v e d  b y  centrifugation. T h e  super­
natant w a s  diluted with at least an  equal v o l u m e  of 
water before measurement of the o n  a Pye 
U n i c a m  SP.500 spectrophotometer. Assays were 
always performed at least in duplicate. T h e  results 
were corrected for acid-soluble material in the sample 
or substrate b y  subtraction of the extinction obtained 
w h e n  the assay mixture w a s  incubated for only 1 m i n  
before the addition of the H C 1 0 4-uranyl acetate 
reagent. A  blank with water instead of tissue w a s  also 
incubated for 61 m i n  to check for a ny b r e a k d o w n  
caused b y  traces of ribonuclease in the buffer or sub­
strate. T h e  assay of acid ribonuclease activity w a s  per­
formed in 0.09M-dimethylglutarate buffer, p H 5.0. 
Alkaline ribonuclease activity w a s  measured at p H  7.8 
or 8.7 in 0.075 M-Tris buffer. M g C l 2 or E D T A  were 
added to give the concentrations mentioned in the 
Results section.
W h e r e  structural latency existed, as with the lyso­
somal enzymes, acid phosphatase, acid p h o s p h o ­
diesterase a n d  acid ribonuclease, the b o u n d  activity 
w a s  liberated b y  freezing a n d  thawing the fractions
eight times before assay. Protein values a n d  e n z y m e  
activities were corrected for sucrose inhibition 
(Hinton et a l, 1969) b y  using the computer p r o g r a m  
described b y  Hinton (1971).
Results
Centrifugation in a n  A - X I I  zonal rotor of a crude 
nuclear fraction, under the conditions described in the 
Experimental section, results in the separation of four 
distinct peaks of material (Fig. 1), corresponding to 
microsomes (i.e. small m e m b r a n e  fragments) (on the 
left-hand side), mitochondria, p l a s m a - m e m b r a n e  
sheets, a n d  a b a n d  of material, lying against the 
‘cushion’, which contains nuclei together with whole 
cells a n d  aggregated material (Hinton et a l, 1970). 
Lysosomes, indicated b y  acid phosphatase activity, 
sediment between the microsomal a n d  the mitochon­
drial peaks. Examination of the distribution of alka­
line ribonuclease activity assayed in the presence of 
M g 2+ (Fig. \d) shows a complex spread of activity 
across the slowly sedimenting material in the first 
half of the gradient, with a distinct peak in the 
pl a s m a - m e m b r a n e  region a n d  at the e nd of the 
gradient. Acid ribonuclease activity w a s  distributed 
through the gradient similarly to that of acid phos­
phatase.
T h e  peak of alkaline ribonuclease activity in the 
pl a s m a - m e m b r a n e  region is enhanced if the assay is 
carried out at p H 8.7 instead of p H 7.8, the conven­
tional p H  for ribonuclease assays, but is almost totally 
absent if the ribonuclease is assayed in the presence of 
E D T A  instead of M g 2+. T h e  distribution of alkaline 
phosphodiesterase activity assayed with M g 2+ pre­
sent a n d  with bis-p-nitrophenyl phosphate as sub­
strate parallels the distribution of the plasma- 
m e m b r a n e  mark e r  S'-nucleotidase. W h e n  the ‘crude’ 
p l a s m a - m e m b r a n e  preparation obtained b y  zonal 
centrifugation is further purified by  flotation, m o s t  of 
the alkaline ribonuclease a n d  phosphodiesterase 
activities remain associated with the m e m b r a n e  
fragments a n d  are purified in parallel with 5'-nucleo- 
tidase activity (Table 1). There is, however, s o m e  
indication of a small selective loss, especially of the 
phosphodiesterase activity. A  large part of the 
EDTA-insensitive ribonuclease activity is also re­
m o v e d  at this stage. Subsequent w o r k  o n  the proper­
ties of the enzymes w a s  carried out o n  m e m b r a n e  
fragments purified by  the flotation procedure.
T h e  ribonuclease a n d  phosphodiesterase activities 
s h o w n  b y  p l a s m a - m e m b r a n e  fragments have very 
similar p H  optima, i.e. 8.8 a n d  8.5 respectively (Fig. 2). 
Bo t h  enzymes give the same, rather complex, pattern 
with the various buffers used to determine the p H  
curve. Close to the p H  o p t i m u m  the highest activity 
is obtained with Tris buffer, slightly lower activity 
with Bicine buffer a n d  lower activity still with glycine 
buffer. T h e  buffer used to determine the shape of the
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Fig. 1(a) a n d  1(c)
p H  curve o n  the acid side of neutrality, j8j3-dimethyl- 
glutarate, gave markedly lower activities than Tris 
buffer at the overlap p H  values 7.2 a n d  7.5. T h u s  at 
p H  7.2, a p l a s m a - m e m b r a n e  preparation released 
0.119E26o unit of acid-soluble material f r o m  R N A  
in I h  if dimethylglutarate buffer w a s  used but 0.142 
units with Tris buffer. A t  pH7.5, the corresponding 
values were 0.138 a n d  0.187 unit.
B o t h  the ribonuclease a n d  the phosphodiesterase 
activities depend o n  the presence of M g 2+ (Fig. 3).
T h e  phosphodiesterase activity responds sharply to 
changes in the M g 2+ concentration, being almost 
fully activated by  1 m M - M g 2+ a n d  almost fully inhi­
bited b y  I m M - E D T A .  T h e  response of the ribo­
nuclease is quantitatively different, the concentration 
of M g 2+ or E D T A  required to give full activation or 
inhibition being 7.5mM. T h e  ribonuclease is 15 times 
m o r e  active in the presence of 7 . 5 m M - M g 2+ than in 
the presence of 7 . 5 m M - E D T A ;  the phosphodiesterase 
shows a 14-16-fold activation. T h e  difference in the
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Fig. L  Distribution of marker enzymes, phosphodiesterase and ribonuclease activities after centrifugation for 50min 
at 3700 rev. fmin in an A-XII zonal rotor of a crude nuclear fraction prepared from rat liver perfused with 0.25 m -
sucrose-5mM-NaHC03
F o r  details see the Experimental section, (a )- - - , Density;- - - , protein, (b) o, 5 '-Nucleotidase; □, glucose
6-phosphatase; #, acid /3-glycerophosphatase; +, succinate dehydrogenase activities, (c) o. Phosphodiesterase 
activity assayed at p H 8.7 in the presence of 5 m M - M g C l 2; ®, phosphodiesterase activity assayed at p H 8.7 in the 
presence of 5 m M - E D T A .  (d) Ribonuclease activity assayed at: o, p H 8.7 in the presence of 7 . 5 m M - M g C l 2; 
®, p H 8.7 in the presence of 7 . 5 m M - E D T A ;  a, p H 7.8 in the presence of 5 m M - M g C l 2. Values refer to the total 
a m o u n t  per fraction.
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sharpness of the effect of change in M g 2+ concentra­
tion m a y  simply be due to the ability of R N A  to bind 
M g 2+.
It has been suggested ( D i c k m a n  et a l, 1956) that 
M g 2+ m a y  decrease the solubility of small oligo­
nucleotides. W e  were unable to demonstrate this 
effect. M g 2+ h a d  n o  significant effect o n  the blank 
assays. Moreover, assays in which M g 2+ at various 
concentrations w a s  add e d  at the e n d  of the incubation 
period immediately before stopping the reaction with 
the HCIO4-uranyl acetate reagent gave values iden­
tical with control assays.
W h e n  the plasma m e m b r a n e s  are treated with 1 %  
Triton X-1 0 0  between 60 a n d  7 0 %  of the m e m b r a n e  
protein is solubilized in agreement with the results of 
D u l a n e y  &  Touster (1970). B o t h  the ribonuclease a nd 
the phosphodiesterase are activated about 20 %  b y  this 
process. Proteins solubilized f r o m  the m e m b r a n e  m a y  
be separated b y  centrifugation o n  sucrose gradients 
in the presence of Triton X-100. Details of the pro­
cedure are given in the Experimental section. After 
centrifugation, e n z y m e  assays s h o w  that the p h o s p h o ­
diesterase activity a n d  about 70 %  of the ribonuclease 
activity are in a single peak sedimenting in the central 
part of the gradient (Fig. 4). T h e  precision limits of the 
ribonuclease assay are such that one cannot be confi­
dent about the significance of the small peak of 
ribonuclease activity at the en d  of the gradient; yet 
it w a s  noticed in other runs similar to the one 
illustrated.
Discussion
T h e  results presented in this paper clearly d e m o n ­
strate that the plasma m e m b r a n e  of rat liver cells 
possesses ribonuclease activity that m a k e s  a significant 
contribution to the total ribonuclease activity of 
the rat liver cell. If it is assumed that 5 '-nucleotidase 
activity is a perfect marker for the plasma m e m b r a n e  
[the activity in the endoplasmic reticulum described 
b y  Widnell (1972) can only be a small proportion of 
the total activity in the cell], a n d  that the ribonuclease 
a n d  the nucleotidase activities are distributed in the 
s a m e  w a y  over the surface of the cell, then on e  can 
calculate that the plasma m e m b r a n e  contributes 
between 25 a n d  3 0 %  of the particulate ribonuclease 
activity assayed at p H  8.7 in the presence of M g 2+.
This calculation is performed by  dividing the ‘rela­
tive’ specific activity of the ribonuclease in ‘zonal’ 
m e m b r a n e  fraction a n d  the ‘purified’ m e m b r a n e  frac­
tion b y  the relative specific activity of 5'-nucleotidase 
in the s a m e  fraction. T h e  lower value, which is o b ­
tained f r o m  the ‘purified’ m e m b r a n e  fraction is 
probably the m o r e  accurate because the ‘zonal’ 
fraction is, as will be discussed below, probably 
contaminated b y  supernatant ribonuclease. However, 
complete confidence cannot be placed in values fr o m  
the ‘purified’ fraction because of the risk that s o m e
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Fig. 2. Activity o f (a) ribonuclease and (b) phosphodiesterase of a purified plasma-membrane fraction as a function of
the pH  of the assay medium
Ribonuclease activity w a s  assayed in the presence of 7 . 5 m M - M g C l 2, a n d  that of phosphodiesterase in the 
presence of 5 m M - M g C l 2. T h e  buffers e m ployed were: o, 0.09 M-dimethylglutarate ; x, 0.075 M-Tris; e, 0.075m- 
Bicine; a, 0.075M-glycine. T h e  inset in (a) shows the relationship between the activities given b y  the last three 
buffers close to the p H  o p t i m u m  a n d  derives from a different experiment fro m  that s h o w n  in the m a i n  part of the 
figure.
intrinsic p l a s m a - m e m b r a n e  c o mponents m a y  be 
lost in the rehomogenization a n d  flotation. It should 
be noted that calculation o n  this simple basis is only 
valid if the fractions are essentially pure. T h u s  calcu­
lations based o n  the crude nuclear fraction are 
meaningless. A  similar calculation m a y  be carried out 
for phosphodiesterase activity. If this calculation is 
based o n  the ‘purified’ p l a s m a - m e m b r a n e  fraction, 
then 65 %  of the phosphodiesterase activity mus t  be 
in the plasma m e m b r a n e ;  if the calculation is based 
o n  the ‘zonal’ p l a s m a - m e m b r a n e  fraction then the 
figure is 9 5 % .  Therefore u p  to 3 0 %  of the p h o s p h o ­
diesterase of the cell is associated with the m e m b r a n e  
sheets during sedimentation but is separated o n  flota­
tion. This is m u c h  too large a value to be explained b y
contaminants in the p l a s m a - m e m b r a n e  fraction a n d  
suggests that phosphodiesterase or phosphodi­
esterase-rich m e m b r a n e  fragments are specifically 
eluted f r o m  the m e m b r a n e s  during rehomogenization. 
S o m e  doubt must, however, attach to the assumptions 
o n  which these calculations are based, for the plasma- 
m e m b r a n e  fragments recovered f r o m  the crude nu c ­
lear fraction s h o w  m a n y  bile-canalicular m e m b r a n e s  
(Hinton et a l, 1970) a n d  it is distinctly possible that 
the sinusoidal m e m b r a n e s  are fragmented to micro­
somes, as at least one-half of the 5 '-nucleotidase of 
the cell is recovered in this fraction. /7-Chloromercuri- 
benzoate w a s  not included in the assay m e d i u m ,  so 
that little of the supernatant ribonuclease activity will 
have been detected (Roth, 1958).
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Fig. 3. Activity of (a) ribonuclease and (6) phospho­
diesterase in purified plasma membrane as a function of 
the concentration of MgCl2 or of EDTA
T h e  assays were carried out at p H  8.7 in 0.075 M-Tris 
buffer.
T h e  uncertainty in the proportion of the enzymes 
in the p l a s m a - m e m b r a n e  fraction is due to the calcu­
lation based o n  the ‘zonal’ plasma m e m b r a n e  giving 
consistently high results than calculations based o n  
the ‘purified’ plasma m e m b r a n e .  This cannot be due 
to the m e m b r a n e  being partly split b y  the r e h o m o ­
genization into the ‘light’ a n d  ‘heavy’ subtractions 
described b y  Eva n s  (1970) as both subfractions w o u l d  
float at density 1.19. O n e  possibility for the loss of 
ribonuclease activity at this stage is that it is due to the 
removal of contaminants. T h e  EDTA-resistant ribo­
nuclease, which is lost o n  flotation, is probably 
largely due to the alkaline ribonucleases of mito­
chondria a n d  the supernatant, which are trapped 
inside the m e m b r a n e  bags (Hinton et a l, 1970)
a n d  which are released o n  rehomogenization. 
E m m e l o t  et al. (1964) have s h o w n  that part of 
the ribonuclease activity of their p l a s m a - m e m b r a n e  
preparations is r e m o v e d  by  washing with 0.15 M-NaCl, 
a n d  is therefore probably supernatant ribonuclease 
adsorbed o n  to the m e m b r a n e .  E m m e l o t  et al. (1964) 
s h o w e d  that this adsorbed e n z y m e  is distinguished 
f r o m  the b o u n d  e n z y m e  b y  being m o r e  active at 
p H 7 . 6  than at p H 8.9. T h e y  also s h o w e d  that the 
p H 7 . 6  activity of the u n w a s h e d  m e m b r a n e s  is dis­
tinguished f r o m  the p H  8.9 activity in being partially 
resistant to treatment with dilute H2SO4. This also 
indicates the presence of tw o  distinct enzymes.
T h e  ribonuclease of the plasma m e m b r a n e  is clearly 
distinguished f r o m  the other ‘large particulate’ ribo­
nucleases, which are responsible for the activity in 
the early part of the zonal gradient, b y  its response to 
E D T A  a n d  to changes in the p H  of the assay m e d i u m .  
T h e  ribonucleases responsible for the activity in the 
early part of the gradient include the S'-endonuclease 
of mitochondria (Morais, 1969) a n d  a lysosomal alka­
line ribonuclease, which is possibly located o n  the 
lysosomal m e m b r a n e  (M. L. E. Burge, unpublished 
work). It is not clear w h y  the plasma m e m b r a n e  
possesses so m u c h  ribonuclease activity, but it is 
interesting to speculate that it m a y  be there to act as a 
barrier against invading RNA-containing viruses.
T h e  similarity in the properties of the plasma- 
m e m b r a n e  ribonuclease a n d  phosphodiesterase acti­
vities suggests that both activities m a y  be due to the 
s a m e  enzyme. This supposition is strengthened b y  the 
observation that the t w o  activities sediment together 
after dissolution of the m e m b r a n e s  in Triton X-100. 
Touster et al. (1970) have argued that the non-specific 
phosphodiesterase that breaks d o w n  bis-p-nitro- 
phenyl phosphate is the s a m e  as the 5z-phospho- 
diesterase that breaks d o w n  /?-nitrophenyl S'-thymi- 
dylate a n d  a variety of synthetic oligonucleotides an d  
can also break the pyrophosphate b o n d  in N A D P .  
T h e  results of Futai &  M i z u n o  (1967), w h o  state that 
purified 5 '-phosphodiesterase does not attack bis-p- 
nitrophenyl phosphate, argue against the identity of 
the tw o  activities, but it is difficult to reconcile their 
stated findings with those of Touster et al. (1970).
T h e  properties of both non-specific phosphodi­
esterase a n d  the p l a s m a - m e m b r a n e  ribonuclease are 
similar to the properties of the glycerylphosphoryl- 
choline phosphohydrolase studied b y  Lloyd-Davies 
et al. (1972). Although it is argued, o n  the basis of 
differences in the behaviour of the enzymes during 
purification, that the glycerylphosphorylcholine 
phosphohydrolase a n d  S'-phosphodiesterase cannot 
be the s a m e  enzyme, the results presented could pos­
sibly be due to the adhesion of the soluble f o r m  of the 
former e n z y m e  to material in the initial pellet, a n d  its 
elution later in the purification. If this were so, then 
one m a y  postulate that the plasma m e m b r a n e  contains 
a single e n z y m e  that is capable of attacking both pyro­
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Fig. 4. Distribution of ribonuclease and phosphodiesterase activity after centrifugation for 12.5 h at 30000rev./min 
in a 3 x 23 ml swing-out rotor of a preparation o f‘'purified'’ plasma membrane treated with 1 %  Triton X-100
T h e  sample w a s  layered o n  a 0.1-0.4M-sucrose gradient containing 0.1 M-Tris buffer, pH8.5, a n d  1 %  Triton X-100. 
o, Ribonuclease activity assayed at p H  8.7 in the presence of 7 . 5 m M - M g C l 2; #, phosphodiesterase activity assayed 
at p H 8.7 in the presence of 5 m M - M g C l 2. Values refer to the total a m o u n t  per fraction.
phosphate a n d  a variety of phosphodiester bonds. If 
the various activities are due to different enzymes, 
then one m u s t  conclude that their characteristics are 
remarkably similar.
T h e  properties of the p l a s m a - m e m b r a n e  p h o s p h o ­
diesterase described in the present paper are similar 
to the properties of the p l a s m a - m e m b r a n e  (Touster 
et al., 1970) a n d  microsomal (Futai &  Mizuno, 1967 ; 
de Lamir a n d e  et al., 1966) S'-phosphodiesterase 
described b y  other authors. T h e  p H  o p t i m u m  is 
s o m e w h a t  lower than is reported for the micro­
somal enzyme, but the extremely sharp response to 
the addition or removal of M g 2+ ions is similar. It is 
less easy, however, to identify the p l a s m a - m e m b r a n e 
ribonuclease activity with activities reported by  other 
authors. Although the e n z y m e  resembles ‘ribo­
nuclease III’ as described b y  R a h m a n  (1966) in its high 
p H  optimum, it is very sharply differentiated b y  its 
response to M g 2+ ions, for ribonuclease III is inhi­
bited at M g 2+ concentrations greater than I m M .  
Morais &  de Lamir a n d e  (1965) s h o w e d  that an  exo­
nuclease w a s  responsible for s o m e  of the b r e a k d o w n  
of endogenous R N A  in microsomes. Their results 
suggest that at p H 8.0 in the presence of M g 2+ u p  to 
one-third of the observed ribonuclease activity m a y  
be due to the exonuclease. A s  u p  to 40 %  of the plasma 
m e m b r a n e  is fragmented to microsomal size o n  h o m o ­
genization (Hinton et al., 1970), it is reasonable to 
identify this exonuclease activity with the p h o s p h o ­
diesterase of the p l a s m a - m e m b r a n e  fraction, especi­
ally as both activities are activated b y  M g 2+. Other 
workers have already s h o w n  that alkaline p h o s p h o ­
diesterase activity remains associated with 5'-nucleo- 
tidase activity during the sub-fractionation of micro­
somes (Thinès-Sempoux et al., 1969).
Since the completion of our experiments a  brief 
report has appeared which suggests that plasma 
m e m b r a n e s  degrade R N A  b y  a series of reactions 
involving a n  endonuclease, 3'- a n d  S'-nucleotidases 
a n d  a Z n 2+-dependent phosphodiesterase (Yannarell 
&  Aronson, 1972). In the absence of full experimental 
details it is difficult to discuss these results, but the 
very lo w  activity of ribonuclease in our plasma- 
m e m b r a n e  preparations in the presence of E D T A  
argues against there being an y  distinctive e n d o ­
nuclease of the type required b y  these authors, a n d  it 
is difficult to reconcile their absolute Z n 2+ require­
m e n t  with our demonstration of strong M g 2+ 
activation. Previous w o r k  b y  our group (El-Aaser &  
Reid, 1969) has indicated that plasma m e m b r a n e s  
lack a distinctive 3 '-nucleotidase.
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